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RADIOLOGICAL HEALTH FOR NURSES 


This course is designed to provide nursing per- 
sonnel with the fundamentals of radiation, its 
biological effects, its medical applications, its 
nursing implications, and the basis principles of 
protection. This manual has been prepared for 
the trainees and should not be included in read- 
ing lists or periodicals as generally available. 
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}96% THE DIVISION OF RADIOLOGICAL HEALTH 


The Division of Radiological Health, Public Health Service, is re- 
sponsible for planning, conducting, and coordinating a national program 
of evaluation and control of radiation hazards in order that the benefits 
of radiation may be achieved without undue risk to health. The activities 


of the Division, in meeting the challenge of this mission, are conducted 


by the Office of the Chief with related staff operations, and four Branches — 
Research, State Assistance, Technical Operations, and Training. 


Research Branch conducts and develops research projects leading 
to the assessment and interpretation of radiation exposure of the U.S. 
population and its effects on the public health. 


State Assistance Branch aids States and local health agencies in the 
development and operation of comprehensive programs in radiological 
health: for example the conduct of special projects and demonstrations 
to minimize radiation exposure in the use of X-ray equipment. 


Technical Operations Branch operates surveillance networks to de- 


termine current levels of radiation in our.environment — air, water, milk, 
and food, develops instrumentation techniques for use in DRH field lab- 
oratory activities, and maintains laboratory facilities. 


Training Branch maintains liaison with universities and other insti- 
tutions of higher learning and gives financial support to develop curri- 
cula in radiological health, gives short courses to professional health 
personnel, supports advanced scientific training of PHS personnel, and 
develops, BEOgueee: and distributes training aids. 


. The Office of the Chief, in addition to the overall direction of DRH 
activities inherent in its designation, includes staff officers to super- 
vise research grants, public affairs, and administrative services, and 


the collation and publication of data on radiation exposure of the public. 


Donald R.. Chadwick, M.D., Chief 
Division of Radiological Health 
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RADIATION EXPOSURE TODAY 


INTRODUCTION 


The human race has always been exposed to ionizing radiation of cosmic 
origin and from natural sources in the environment and within the body. 
Merely through existence on this planet, a person living to be 70 years 
of age will have received, on the average, an exposure dose about 9 
roentgens whole body radiation from these sources. 


Today, however, radiation from background represents only one of many 
sources to which man is exposed. Radiation-generating machines and 
radioactive materials, which are present in nearly all phases of the en- 
vironment, constitute the principal man-made sources. 


x-ray!) 


X-ray machines are finding widespread use in industry, medicine, com- 
merce, and research. All such uses are potential sources of exposure. 


A. Medical and Dental Use 


Currently, approximately 200, 000 x-ray units are being used in the 
United States for diagnosis and therapy. It is predicted the number 
will reach 370, 000 by 19702), Some 80,000 to 100,000 of these 
units are being used by dentists, with approximately an equal number 
being employed by general practitioners, radiologists, and in hospitals 
and clinics. It is assumed that another 10,000 to 15, 000 units are 
used by osteopaths and chiropractors. 


It is estimated that 300, 000 - 400, 000 medical-technical personnel 
are occupationally exposed to radiationinthe use of these machines. 
This may be whole body radiation in some cases. 


In addition to these personnel, a considerable portion of the general 
population is also exposed to radiations from x-ray machines used in 
medicine and dentistry. A large portion of the 2, 500, 000 persons 

seen daily by physicians have some x-ray diagnostic procedure per- 
formed upon them. Estimates indicate there are approximately 38 
million roentgenographic and 25 million photofluorographic films, 

and 13 million fluoroscopic examinations being taken or given annually. 


RA. PH, 23. 12.61 ] 
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When properly conducted, these examinations cause only partial 
body radiation exposure to the patient. 


Industrial Uses 
Industrial x-ray devices include primarily (a) radiographic and 


fluoroscopic units used for the determination of defects in castings, 
fabricated structures, and welds, and (b) fluoroscopic units used 


for the detection of foreign material in, for example, packaged foods. 


At present, there are approximately 1, 000 industrial radiographic 
installations in the United States with 5, 000 persons potentially 
occupationally exposed in the use of the equipment. Use of these 
units may result in whole body exposure to the operators and 
people who are nearby. The total number of industrial x-ray units 
in the United States is about 2, 000. 


Commercial Use 


The largest commercial use of x-ray machines is in shoe-fitting. 
In the operation of the approximately 6, 000 shoe-fitting fluoro- 
scopes in the United States, 30,000 to 40, 000 sales people are ex- 
posed to radiation. The exposure received by the public in the 
operation of these machines is unknown. Many health authorities 
consider such exposures completely unnecessary. As a result, the 
use of this type of radiation device has been banned or restricted in 
about half of the states. 


Research Use 


High-voltage x-ray machines are becoming familiar features of 
research laboratories in universities and similar institutions. 


Other x-ray equipment used in research includes some 1, 500 
diffraction units and approximately 500 electron microscopes. 


Still other research units which are sources of machine-produced 
radiation include the particle accelerators. In 1941, there were 
only 16 cyclotron laboratories in the United States. Today, more 
than 250 cyclotrons, pa cenet none, van de Graaff generators, and 
betatrons are in use. 


rem, 
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Radiation Exposure Today 


Ill, RADIONUCLIDES 


A, 


(1) 


Naturally Occurring 


The naturally occurring radionuclide most widely used in medicine 
and industry is Ra226, An important factor to remember when con- 
sidering the health aspects of naturally occurring radionuclides is 
the fact that they can be purchased on the open market. No formal 
application or special facilities are required in order to obtain 
these materials. 


Approximately 1,000 curies of radium are in use in the medical field. 
In this use, many individuals besides the patient are potentially ex- 
posed to radiation. These include other patients, nurses, techni- 
cians, radiologists, and physicians. | 


In industry, one of the principal uses of radium is for radiography. 
It is estimated that 50 to 100 curies are currently being used for 
this purpose. Another important industrial use of radium is in 
luminous compounds. During World War II, several hundred curies 
were used for this purpose with approximately 2,000 persons being 
employed in this work. 


Static eliminators, employing polonium or radium as the radioactive 
source, are widely used in industry. Typical of industries where 
they may be found are the textile and paper trades, printing, photo- 
graphic processing, and telephone and telegraph companies. Static 
eliminators are also used with analytical balances and microtomes. 


‘ Artificially Produced 


‘Several thousand universities, hospitals, and research laboratories 


in the United States are using radionuclides produced by the Atomic 
Energy Commission for medical, biological, industrial, agricultural, 
and scientific research, and medical diagnosis and therapy. It is 
estimated that the approximately 5, 000 physicians licensed by the U.S. 
Atomic Energy Commission to utilize radionuclides diagnosed or 
treated illnesses of one million people with these materials in the 
United States in 1958 alone. 


Possible exposure from such radionuclides is involved with their 
preparation, handling and application, and with their transportation. 
At least 20, 000 persons are estimated to be directly involved in such 
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activities. Exposures, internal and external, might also arise 
through contamination of the environment by wastes originating 
from the use of these materials. 


A total of almost 1,000, 000 curies has been distributed since 
inception of the radionuclide sales program in 1946. Currently, 
some 15, 000 shipments are made each year by the Oak Ridge 
National Laboratory, plus about 100, 000 additional annual shb - 
ments by commercial suppliers. 


IV. NUCLEAR REACTOR OPERATIONS 


Sources of radiation exposure associated with nuclear reactor operations 
include the reactor itself, its ventilation and cooling wastes, procedures 
associated with the removal and reprocessing of its ''spent'' fuel and the 
resulting fission product wastes, and procedures associated with the 
mining, milling, and fabrication of new fuels. 


There are currently almost 150 reactors in operation in the United States 
with more in various stages of design or construction, Within the near 
future, it is expected that nearly all major colleges and universities will 
have reactors for research and instructional purposes. The use of re- 
actors for the production of power is also expected to continue to increase 
with a total of at least 23 civilian power reactors in operation by 1964(4) , 


Navy schedules already call for having 40 nuclear-powered vessels, most 
of them submarines but including an aircraft carrier, a cruiser anda 
destroyer, completed by late 1961 (this figure includes submarines now 
in operation). Some of these vessels will carry more than one reactor. 
Congress just has voted appropriations carrying authorization for four 
more nuclear attack submarines, three more Polaris-firing submarines 
and a second carrier. Not counting six land-based prototype reactors, 
this will bring the total of seagoing naval reactors to at least 57 and per- 
haps 61, depending largely on the number of power units assigned to the 
new carrier.{5) Future construction plans of the Army, Air Force and 
utility power companies also include a large number of power reactors. 
Concurrent with this increase will be the need for more land-based re- 
search facilities and reactor-powered research propulsion units. 


Some 10,000 workers are currently engaged in uranium mining and mill- 
ing in this country. This work is carried on primarily in the New Mexico 
and Colorado Plateau regions. The number of workers involved in the 
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fabrication of new fuels and reprocessing of ''spent'' fuels is unknown. 

The predicted curiage of fission product wastes from such operations | 
is tremendous. Although the levels may be low, potentially everyone. 

is subject to internal and external radiation exposure associated with 

the escape and release of reactor wastes to the environment. | 


V. WEAPONS TEST 
In 1951, 12 nuclear devices were detonated at the Nevada Proving Groundd®). 

The world-wide total of detonations to date is probably near 200. More 

important than the number of devices is their energy yield which is an 

indication of the quantity of fission products produced. Information re- 

leased at the 1959 Congressional "Fallout Hearings" showed that 90 to 

92 megaton fission yield equivalent had been released to that date (See 

Table 1), (7) 


Table 1 United States, United Kingdom, and Soviet Nuclear Events 
(Yield in Kilotons) 


Fission Yield* Total Yield 


Inclusive Years Ground Water 
Surface | Surface Air Surface 
Burst Burst Burst Burst 


190 970 
1, 000 99, 000 


11, 000 17, 000 


57, 000 28, 000 





* A value of 50% has been arbitrarily selected for the fission to total yield 
ratio for all Soviet thermonuclear tests. As indicated in the tables, 50% 
is about the average fission to total yield ratio for all US/UK thermo- 
nuclear tests. 


Fortunately, a portion of the materials from these detonations remains 
for a time in the upper atmosphere, However, measurable amounts are 
widely distributed over the United States, causing a temporary average 
increase in radioactivity throughout the country. 


5° 
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VI, POPULATION DOSE 


In expressing the radiation exposure to the general population arising 
from the sources previously discussed, one must be careful to specify 
the part of the body being considered. Because of genetic effects, the 
dose to the gonads or reproductive organs is considered by many to be 
of prime importance. 


Typical gonadal exposures from natural background and man-made 
sources are summarized in Table 2. 


Table 2 
Natural Background: 
Cosmic radiation 0.03 - 0.07 rem/yr 
Terrestrial radiation 0,02 - 0.07 rem/yr 
Internal radiation 0.02 rem/yr 
Total (approx.) 0.1 rem/yr 


Man-made Radiation: 


X-rays (medical) 0.04 - 0.24 rem/yr 
Misc. x-ray sources 0.01 rem /yr 
Fallout 0.002-0.015rem/yr 
Total (approx. ) 0.05 - 0.25 rem/yr 


The total exposure to the gonads is thus about 0.2 to 0.4 rem/yr. 


VII, COMMENTARY 


The increasing magnitude of radiation-producing sources is typified in 
Figure 1, shown earlier inthis outline. Simultaneous with this increase, 
the recommended maximum permissible levels for radiation exposure 
(now called Radiation Protection Guides)‘*/ have been decreased many 
fold. The magnitude and sequence of this decrease is shown in Figure 2. 


The currently recommended Radiation Protection Guide for general 
population groups is to limit the genetic dose to 13 rems during the first 
30 years of life. 
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Radiation Exposure Today 


10 


Comparison of current levels to this Guide is shown in Figure 3. That 
medical and dental exposure make a significant contribution to the 
current dose is readily apparent. 
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public health policy 
on radiological health 


PUBLIC HEALTH POLICY 


Ionizing radiation, if properly utilized, is instrumental in improving the health 
and welfare of the people. Exposure to radiation, however, results in damage 
which may not be apparent immediately. Therefore, consistent with good med- 
ical practice, exposure to radiation from all controllable sources must be min- 
imized, Governmental health departments should be given the legal authority 
to guard the public against undue exposure. Control of sources of ionizing ra- 
diation for the protection of the public against the hazards of radiation exposure 
is a government function for which official health departments should be given 
major legal responsibility. It is urgent that federal, state, and local govern- 
ments establish health department programs to identify and evaluate human ex- 
posures and the radiation sources responsible for them and to develop effective 
control measures where necessary. The basic public health objectives are to 
recognize the essential uses of radiation and to reduce, wherever possible, ex- 
posures incident to them as well as to preclude unnecessary radiation exposures. 


SUPPORTING STATE MENT 
1. All Ionizing Radiation Injurious - 


The effect of ionizing radiation on living tissue is to injure or to destroy 
cells. Eventhe beneficial effects of radiation therapy are an indirect re- 
sult of injury, for example, the destruction of malignant cells. Moreover, 
the injurious effects of radiation accumulate as the dose accumulates; each 
exposure to radiation adds to the total stress from all causes that the body 
is called upon to withstand. 


The effects of saielit doses of radiation may be imperceptible and slow to 
appear. Once the injury has occurred, however, there is no known means 
of repairing the damage. Therefore, it is unwise to wait for evidence or 
radiation damage in the population to justify protective measures. 


to 


3. Public Health Responsibility > 


It is a responsibility of government to safeguard its people against poten- 
tially harmful exposures, when the exposures cause significant health ha- 
zards against which individuals are unable to protect themselves by their 


“American Journal of Public Health and the Nation's Health, Vol. 50, No. 6, 
(June, 1960), pages 885-887. 
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own efforts. Governmental health agencies are obligated to assure neces- 

_ gary protection of the public against radiation hazards. This can be done 
directly through regulation and supervision by the ;.ealth department of ra- 
diation sources and use or indirectly by seeing thal the safeguards provided 
by other agencies are adequate. = 


ng 


Prevent Unnecessary Radiation Exposure - 


It is sound radiological health policy to prevent all unnecessary human ex- 
posures to radiation. Since ionizing radiation is injurious to living tissues 
and some of the effects are cumulative, even small doses of radiation entail 
some degree of risk. Some radiation exposures are unavoidable, as from 
background radiation. The:risks from certain other radiation exposures 
are accepted either because they are small as compared with risks from 
every-day hazards that are accepted for convenience, or more particularly 
when the risks are involved in essential uses of radiation in which the ex- 
pected benefits outweigh the probable radiation damage. It is impossible, 
of course, to limit exposure to zero, but it is entirely practical to regard 
all exposures above zero as potentially hazardous to human health. 


For the total population the recommended limits of maximum permissible 
exposure are well below those currently accepted for persons occupation- 
ally exposedto radiation, The total public exposure is the sum of doses 
experienced by individuals, many of them received in the process of medi- 
cal examination, diagnosis, and treatment. Individual exposures also re- 
sult from working with radiation sources, as in nuclear energy operations 
or in industry. Allowable doses should be determined by balancing the , 
benefit to the patient or society against the probability of radiation injury. 
The actual radiation exposure of large populations that is likely to have sig- 
nificant consequences is yet to be determined. Exposure of the total popu- 
lation can be kept at a low level only by preventing unnecessary individual 
exposures. 


Evaluation of Radiation Hazards - 


The cumulative exposure of individuals and the total public exposure to ra- 
diation results from various and often unrelated sources, In order to judge 
the significance of radiation hazards and the control measures that are 
necessary, over-all identification of sources and evaluation of exposures 
are essential. Health departments are in an advantageous position to col- 
lect, correlate, and interpret information that will indicate the extent and 
significance of radiation problems and the best méthods of:cohtrol. 
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Protective Approaches - 


The technics for protecting the public are of two kinds - those limiting the 
creation of radiation sources and those controlling the environment. For 
example, restrictions on the construction of nuclear reactors would limit 
the creation of radiation sources. However, elimination of the sources, a 
favored strategy in public health programs for conventional hazards, can- 
not be relied upon where radiation or nuclear reactors have beneficial uses 
as in medical diagnosis and therapy, power generation, industrial process- 
es, or research. 


Where elimination of radiation sources is impracticable, the alternative 
is to control the environment. Examples of environmental control include 
concentration and isolation of fission products, dilution and dispersion of 
radioactive materials when it is safe to do so, shielding in the immediate 
vicinity of radiation sources, and placing radiation areas off-limits - a 
form of protection by distance. | 


Urgent Need for Action - 


With rapid progress in the development of nuclear energy with radioactive 
source and the extension of its use, the potentialities of radiation exposure 
of individuals and the population are steadily increasing. In many places 
present demands and hazards require immediate action. There is need to 
expand public health capabilities to provide the necessary number of train- 
ed qualified personnel, to orient the public health professions and the pub- 
lic to an interest in limitation of radiation exposures, to pursue further 
quantitative studies of the biological effects of radiation, and-to compile 
epidemiological information on radiation exposures that are related to pub- 
lic health conditions. 
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sources of Information in Radiological Health 


6. Dummer, Jerome E., Jr., 'Handbook for Radiation Monitoring, "' 


LA-1835, Third Edition, Los Alamos Scientific Laboratory 

of the University of California, Los Alamos, New Mexico. For 
sale by the Superintendent of Documents, U.S. Government 
Printing Office, Washington 25, D.C., 65 cents. 


B. Atomic and Nuclear Physics 


1. Lapp, R.E., and Andrews, H.L., "Nuclear Radiation Physics, "' 
second edition, Prentice-Hall, Inc., 70 Fifth Avenue, New 


York 11, N.Y. 1954. $10. 


2. Semat, Henry, "Introduction to Atomic and Nuclear Physics, '' 
Rinehart & Co., 232 Madison Avenue, New York 16, N.Y., 


1954. $6.50. a 


3. Kaplan, Irving, "Nuclear Physics, '' Addison-Wesley Publishing 
Co.,Inc., 500 Kendall Square Building, Cambridge 42, Mass., 
1955. $9. 75. 


C. Instrumentation and Assay Techniques 


1, Friedlander, Gerhart, and Kennedy, J.W., ‘Nuclear and Radio- 
chemistry, '' John Wiley & Sons, Inc., 440 Fourth Avenue, New 
York 16, N.Y., 1955. $7.50. 


2. Comar, C.L., ''Radioisotopes in Biology and Agriculture -- 
Principles and Practice, ' McGraw-Hill Book Co. ,inc., 
330 West 42nd Street, New York 36, N.Y., 1955. $9. 


3. Overman, R.T., and Clark, H.M., ‘Radioisotope Techniques, ' 
McGraw-Hill Book Co. , Inc. , 330 West 42nd Street, New York 
36, N.Y., 1959. 


4. Faires, R.A., and Parks, B.H., ‘Radioisotope Laboratory 
Techniques, '' Pitman Publishing Corp., 2 West 45th Street, 
New York 36, N.Y., 1958. $5. 75. 


5. Korff, S.A., "Electron and Nuclear Counters: Theory and Use," 
D. Van Nostrand Company, Inc., 257 Fourth Avenue, New York 


10, N.Y., $6. 75. 


6. Oak Ridge National Laboratory, ''Master Analytical Manual, " 
TID- 7015 Technical Information Extension, U.S. Atomic 
Energy Commission, Oak Ridge, Tenn., 1958. $9. 
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D. Nuclear Engineering 


1. 


Smyth, H.D., "A General Account of the Development of 
Methods of Using Atomic Energy for Military Purposes Under 


the Auspices of the United States Government (1940-1945), 
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Available from Superintendent of Documents, U.S. Govern- 
ment Printing Office, Washington 25, D.C., 1945. 40 cents. 


Murray, R.L., "Introduction to Nuclear Engineering, "' 
Prentice-Hall, Inc., 70 Fifth Avenue, New York 11, N.Y., 


1954, $11. 35. 


Stephenson, Richard, "Introduction to Nuclear Engineering, "' 
McGraw-Hill Book Co. ,Inc., 330 West 42nd Street, New York 


36, N.Y., 1954. $9.50. 


Glasstone, Samuel, ''Principles of Nuclear Reactor Engi- 
neering, ' D. Van Nostrand Co., Inc., 257 Fourth Avenue, 
New York 10, N.Y., 1955. $7.95. 


‘McCullough, C.R., "Safety Aspects of Nuclear Reactors, " 


D. Van Nostrand Co., Inc., 257 Fourth Avenue, New York 
10, N. Y., 1957. $8.50. ° © 


E. X-ray Technology 


l, 


Files, Glenn W., editor, ''Medical Radiographic Technic", 
second edition, Charles C. Thomas, Publisher, Springfield, Ill., 


1959. $11.00. 


Sarsfield, Leslie, G.H., "Electrical Engineering in Radiology", 
Instruments Publishing Co., Pittsburg, Penn., 1936. 


Sproull, Wayne, T., ''X-ray in Practice", McGraw Hill, 
New York, 1946, $12.50. 


Robertson, J.K., "Radiology Physics", D. Van Nostrand Co., 
Inc., New York, 1948. 


Selman, Joseph, ''The Fundamentals of X-ray and Radium Physics", 
second edition, Charles C. Thomas, Publisher, Springfield, 


Tll., 1958. $8.50. | 
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F. Radiation Protection 


1. Braestrup, C.B., and Wyckoff, H.O., "Radiation Protection, " 
Charles C. Thomas, Publisher, 301 East Lawrence Avenue, 
Springfield, Ill., 1958. $10.50. . 


2. Sonnenblick, B.P., editor, "Protection in Diagnostic Radiology, 


Rutgers University Press, 30 College Avenue, New Brunswick, 
N.J., 1959. $7.50. 


3. Goldstein, Herbert, ''Fundamental Aspects of Reactor Shielding, "' 
Addison-Wesley Publishing Co., Inc., Reading, Mass., 1959. 


$9. 75. 


4. "Radiation Protection Criteria and Standards: Their Basis and 
Use", Hearings before the Special Subcommittee on Radiation of 
the Joint Committee on Atomic Energy, Congress of the U.S., 
86th Congress, 2nd Session 1960. Available from U.S. Govern- 
ment Printing Office. | 





G. Radiobiology and Medicine 


1. Quimby, E.H., Feitelberg, S., and Silver, S., "Radioactive 
Isotopes in Clinical Practice, '' Lea and Febiger, Publishers, 
600 Washington Square, Philadelphia 6, Pa., 1958. $10. 


2. Hollaender, Alexander, editor, ''Radiation Biology", McGraw- 
Hill Book Co.,Inc., 330 West 42nd Street, New York 36, N.Y., 
Vol. 1 1954. two parts, $18; Vol. II 1955. $8.50;Vol. III 1956, 
$10. 50. 


3. Blahd, William H., Baver, Franz K., and Classon, Benedict, 
"The Practice of Nuclear Medicine", Charles C. Thomas, 
Publisher, Springfield, Ill., 1958. $12.50. 


4. Behrens, C.F., "Atomic Medicine, '' third edition, Williams & 
Wilkins Co., 428 East Preston Street, Baltimore 2, Md. 1959. 
$15. 00. 


5. Andrews, G.A., Brucer, M., and Anderson, E.B., editors, 
"Radioisotopes in Medicine, '' Report ORO 125, September, 1953. 
For sale by the Superintendent of Documents, U.S. Government 
Printing Office, Washington 25, D.C., $5.50 paper cover. 
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6. Bacq, Z.M., and Alexander, Peter, ''Fundamentals of Radio- 
biology'', Academic Press, 111 Fifth Avenue, New York 3, N.Y. 
1955. $6.50. | 


7. Lacassagne, Antonie, and Gricouroff, Georges, ‘Action of 
Radiation on Tissues", second edition, Grune & Stratton, 
Inc., 381 Fourth Avenue, New York 16, N.Y., 1958. $6. 25. 


H. Nuclear Weapons 


1, Glasstone, Samuel, editor, 'The Effects of Nuclear Weapons", 
prepared by the U.S. Department of Defense and published by 
the U.S. Atomic Energy Commission, June 1957. For sale 
by the Superintendent of Documents, U.S. Government Print - 
ing Office, Washington 25, D.C., $2.00. 


2. "The Nature of Radioactive Fallout and Its Effects on Man", 
Hearings before the Special Subcommittee on Radiation of the 
Joint Committee on Atomic Energy, Congress of the U.5., 
85th Congress, lst session 1957. Available from U. 5. 
Government Printing Office. 


I, Radioactive Wastes 


1. ‘Industrial Radioactive Waste Disposal’', Hearings before the 
special Radiation Subcommittee of the Joint Committee on 
Atomic Energy, Congress of the United States, 1959. A- 
vailable from U.S. Government Printing Office. 


2, ''Radioactive Waste Disposal from Nuclear-Powered Ships", 


a report of the Committee on the Effects of Atomic Radiation 
on Oceanography and Fisheries, National Academy of Sciences' 
Study of the Biological Effects of Atomic Radiation, Publica- 
tion 658, National Academy of Sciences --- National Research 
Council, 2101 Constitution Avenue, NW, Washington 25, D.C. 


J. Federal-State Relationships 


1, "Selected Materials on Federal-State Co-operation in the 
Atomic Energy Field", report issued by the Joint Committee 


on Atomic Energy, Congress of the United States, March 1959. 
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K. General 


I 


‘Proceedings of the International Conference on the Peaceful 
Uses of Atomic Energy", 16 Volumes, United Nations, New | 
York, 1956. 


Proceedings of the Second International Conference on the 
Peaceful Uses of Atomic Energy", 34 Volumes, United 
Nations, New York 1959. An edited series of 12 volumes is 
available from Pergamon Press, 122 East 55th Street, New 


York 22, N.Y. 1959. 


"Annual Review of Nuclear Science", 8 Volumes, 1952-1958, 
Annual Reviews, Inc., Palo Alto, California. 


Caldecott, Richard S., and Snyder, Leon A., editors, 
Radioisotopes in the Biosphere", University of Minnesota, 
Center for Continuation Study, 1960. 


Meneely, George R., ‘Radioactivity in Man", Charles C. 
Thomas, Publisher, Springfield, Ill, 1961. $16.50. 


Il, CURRENT LITERATURE 


Public health workers having responsibilities in the area of radiological 
health must keep abreast of current literature in a rapidly changing 
field. The references below represent titles and sources for some of 
the more recent publications of this type, with the suggestion that the 
Same sources may be providing still newer information from time to 
time. 


A. 


1 


Recommendations of the National Committee on Radiation Protection 
and Measurements (NCRP) published as Handbooks of the National 
Bureau of Standards, Available from the Superintendent of Docu- 
ments, Government Printing Office, Washington 25, D.C. Titles 
and prices of the Handbooks include: 


Handbook 42, "Safe Handling of Radioactive Isotopes", 
september 1949, 20 cents. 
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2. 


10, 
11. 
12, 
13, 
14, 


15. 


Handbook 48, ''Control and Removal of Radioactive Contami- 
nation in Laboratories’, Dec. 15, 1951. 15 cents. 


Handbook 49, ‘Recommendations for Waste Disposal of Phos-. 
phorous 32 and Iodine 131 for Medical Users’, November 2, 


1951. 15 cents. 


Handbook 50, ''X-Ray Protection Design", May 9, 1952, 20 


cents, 


Handbook 51, "Radiological Monitoring Methods and Instru- 
ments", April 7, 1952. 20 cents. 


Handbook 53, ''Recommendations for the Disposal of Carbon-14 


Wastes", October 26, 1953. 15 cents 


Handbook 54, "Protection Against Radiations from Radium, 
Cobalt-60, and ” Sept. 1, 1954. 25 cents. 


Cesium-137", 


Handbook 55, ''Protection Against Betatron-Synchrotron 
Radiations up to 100 Million Electron Volts’, Feb. 26, 1954. 
25 cents, 


Handbook 57, ''Photographic Dosimetry of X-Rays and Gamma 


Rays", August 20, 1954, 15 cents. 


Handbook 58, "Radioactive-Waste Disposal in the.Ocean", 
August 25, 1954, 20 cents. 


Handbook 59, "Permissible Dose from External Sources of 


Ionizing Radiation", Sept. 24, 1954. 30 cents. 


Handbook 61, "Regulation of Radiation Exposure by Legislative 


Means", Dec.. 9, 1955. 25 cents. 


Handbook 63, ''Protection Against Neutron Radiation up to 30. 
Million Electron Volts", Nov. 22, 1957. 40 cents. 


Handbook 64, ''Design of Free-Air Ionization Chambers", Dec. 


13, 1957. 20 cents. 


Handbook 65, ''Safe Handling of Bodies Containing Radioactive 


Isotopes", July 10, 1958. 15 cents, 
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16, 


ie 


18, 


19. 


20, 


21, 


Handbook 66, "Safe Design and Use of Industrial Beta-Ray 
Sources", May 28, 1958. 20 cents. 


Handbook 69, "Maximum Permissible Body Burdens and 
Maximum Permissible Concentrations of Radionuclides in 


Air and Water for Occupational Exposure”, June 5, 1959. 


35 cents. 


Handbook 72, ‘Measurement of Neutron Flux and Spectra for 


Physical and Biological Applications", July 15, 1960. 


35 cents, 


Handbook 73, "Protection Against Radiations from Sealed 
Gamma Sources", July 27, 1960. 30 cents. 


Handbook 76, 'Medical X-ray Protection up to 3 Million Volts", 


1961. 25 cents. 


Handbook 78, ''Report of the International Commission on 
Radiological Units and Measurements", 1959. 65 cents. 


B. Publications of the Federal Radiation Council, a statutory body 
charged with the responsibility for advising the President with 
respect to radiation matters directly or indirectly affecting health, 
including the guidance of all Federal agencies in the formulation 
of radiation standards and in the establishment and execution of 
programs of cooperation with States: ) 


1. 


Background Material for the Development of Radiation Pro- 
tection Standards, Report No. 1, May 13, 1960. For sale 
by the Superintendent of Documents, U.S. Government 
Printing Office, Washington 25, D.C., Price 30 cents. 


C. Publications of the United States Atomic Energy Commission 


Le 


Nuclear Science Abstracts, a publication of the AEC Technical 
Information Service Extension, Available from the Superin- . 
tendent of Documents, Government Printing Office, Washington 
29, D.C., $7.50 per year. 


This report, issued twice monthly, contains abstracts of arti- 
cles of interest in all areas of nuclear science and technology. | 
In particular, it includes summaries of all nonclassified re- 
ports issued by the various AEC installations. Copies of the 
complete reports are available on loan from AEC Depository 
Libraries which are located as follows: 
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AEC DEPOSITORY LIBRARIES 


ALABAMA 
_Auburn, Alabama Polytechnic 
Institute Library 
Birmingham, Birmingham 
Public Library 


ARIZONA 
Tucson, University of Arizona 


ARKANSAS 
Fayetteville, University of 
Arkansas Library 


CALIFORNIA 

Berkeley, University of 
California General Library 

Los Angeles, University of 
California Library 

Menlo Park, Stanford 
Research Institute 

San Diego, San Diego 
Public Library 


COLORADO 
Denver, Denver Public Library 
The City and County of Denver 


CONNECTICUT 
New Haven, Yale University 
Library 


DELAWARE 
Newark, University of Delaware 


DISTRICT OF COLU MBIA 
Washington, Library of Congress 


FLORIDA 
Coral Gables, University of 
Miami Library 
Gainesville, University of 
Florida Library 


GEORGIA 
Atlanta, Georgia Institute of 
Technology Library 


HAWAII 
Honolulu, University of Hawaii 


ILLINOIS 

Chicago, John Crerar Library 

Chicago, University of Chicago 
Library 

Evanston, Northwestern 
University Library 

Urbana, University of Illinois 
Library 


INDIANA 
Indianapolis, Indianapolis 
Public Library 
Lafayette, Purdue Univer - 
sity Library 


IOWA 
Ames, Iowa State College 
Library 


KANSAS 
Manhattan, Kansas State 
College School of Engincer- 
ing and Architecture 


KENTUCKY 
Lexington, University of 
Kentucky Library. 
Louisville, University of 
Louisville Library 


LOUISIANA 
Baton Rouge, Louisiana 
State University Library 
New Orleans, Tulane 
University Library 


MARYLAND 
Baltimore, Johns Hopkins 
University Library 
College Park, University of 
Maryland Engineering and 
Physical Sciences Library 


MASSACHUSETTS 
Cambridge, Harvard Uni- 
versity Library 
Cambridge, Massachusetts 
Institute of Technology 
Library 


MICHIGAN 
Ann Arbor, University of 
Michigan Library 
Detroit, Detroit Public 
Library 


MINNESOTA 
Minneapolis, University of 
Minnesota Library 


MISSOURI 
Kansas City, Linda Hall 
Library 
Rolla, University of Missouri 
School of Mines and Metallurgy 
St. Louis, Washitcton University 
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MONTANA 
Bozeman, Montana State 
College 
NEVADA 
Reno, University of Nevada 
NEW JERSEY 
Princeton, Princeton 
University 


NEW MEXICO 
Albuquerque, University of 
New Mexico Library 


NEW YORK 

Buffalo, Lockwood Memorial 
Library, University of 
Buffalo 

Ithaca, Cornell University 
Library 

New York, Atomic Industrial 
Forum 

New York, Columbia University 

New York, New York Public 
Library 

Rochester, University of 
Rochester 

Schenectady, Union College 
Library 

Syracuse, Syracuse University 

Troy, Rensselaer Polytcchnic 
Institute Library 


NORTH CAROLINA 
Charlotte, Charlotte and 
Mechklenburg County Public 
Library 
Durham, Duke University Library 
Raleigh, North Carolina State 
College Library 


OHIO 


PENNSYLVANIA 

Philadelphia, University of 
Pennsylvania Library 

Pittsburgh, Carnegie Library 
of Pittsburgh 

University Park, Pennsylvania 
State University Pattee 
Library 


PUERTO RICO 
Rio Piedras, University of 
Puerto Rico Main Library 


RHODE ISLAND 
Providence, Brown University 


SOUTH CAROLINA 
Columbia, Universily of South 
Carolina, McKissick 
Memorial Library 


TENNESSEE 
Knoxville, University of 
Tennessec 
Memphis, Cossett Mcmorial 
Library 
Nashville, Joint University 
Librarics 


TEXAS 

Austin, University of Texas 

College Station, Agricultural 
and Mechanical College of 
Texas 

Dallas, Southern Methodist 
University 

Houston, Rice Institute 

San Antonio, San Antonio 
Public Library 


UT AH 
Salt Lake City, University of 
Utah Library 








Cincinnati, University of Cincinnati 
Cleveland, Cleveland Public Library 
Columbus, Ohio State University 
Toledo, University of Toledo Library 
Youngstown, Youngstown University 


VIRGINIA 
Blacksburg, Virginia Polytechnic 
Institute Library 
Charlottesville, University of 
Virginia, Alderman Library 
OKLAHOMA 
Stillwater, Oklahoma State University WASHINGTON 





Library Pullman, State College of 
Washington 
OR EGON Seattle, University of Washington 
Corvallis, Oregon State College 
Portland, Portland Public Library WEST VIRGINIA | 
Morgantown, West Virginia 


University Library 


WISCONSIN | 
Madison, University of 
Wisconsin Library 
Milwaukee, Milwaukee 
Public Library | 


WYOMING 
Laramie, University of 
Wyoming, | 
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2, Reports of the U.S. Atomic Energy Commission to Congress 


(semiannual; annual beginning with report for all of 1959), 
available from the Superintendent of Documents, U.S. Govern- 
ment Printing Office, Washington 25, D.C. Each of the later 
reports has an alternate title indicating the principal subject. 
Examples are: | 


a. First Semiannual Report, January 1947, 


b. Sixth Semiannual Report, ‘Atomic Energy and the Life 
Sciences", July 1949. 45 cents. 


c, Thirteenth Semiannual Report, ''Assuring Public Safety 
in Continental Weapons Tests", January 1953. 50 cents. 


d. Twenty-first Semiannual Report, ''Radiation Safety and 


Major Activities in the Atomic Energy Programs’, 
January 1957. $1. 25. 


e. Twenty-fifth Semiannual Report, ''Atomic Industrial 


Progress and Second World Conference", January 1959. 
$1. 25. 


f. Twenty-sixth Report, ‘Major Activities in the Atomic 
Energy Programs", emphasizing management 0! radio- 
active wastes, January 1960. $2.00. | 


g. ''Major Activities in the Atomic Energy Programs - 


January - December 1960 , Annual Report to Congress 
of the U.S. Atomic Energy Commission for 1960, January 
1961, $1.75. 





3. Special Reports 


The Atomic Energy Commission issues a number of special 
reports from time to time which are very useful in radiological 
health work. They may be obtained without charge from the 
Technical Information Service Extension, P.O. Box 1001. 

Oak Ridge, Tennessee. Examples are: 


a. ''Guide to Atomic Energy Literature for the Civilian Appli- 


cation Program’, TID-4575 (First revision) Nov. 1957. 
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b. !''What's Available in the Unclassified Atomic Engery 
TID-4550 (Fifth revision) July 1958. 


Literature , 


c. ''Special Sources of Information on Isotopes", TID-4563 
September 1957, 


d. ‘Technical Books", 1947 to 1959. 


Reports of the National Academy of Sciences - National Research 
Council, 2101 Constitution Avenue NW, Washington 25, D.C. For 


example: 

1, "The Biological Effects of Atomic Radiation - A Report to the 
Public’, 1960. 

2, ''The Disposal of Radioactive Waste on Land", report of the 
Committee on Waste Disposal of the Division of Earth Sciences, 
April 1957, 

3. ‘Pathological Effects of Atomic Radiation", National Research 
Council Publication #452. 1956. $1.00. 

4, ''Measurements and Standards of Radioactivity", National 


Research Council Publication #573. 1958, 


Reports of the American Public Health Association, Inc., 1790 
Broadway, New York 19, N. Y. 


For example: 


1, 


"Public Exposure to Ionizing Radiations - What Public Health 


Personnel Need to Know", 1958, 


Reports of The American College of Radiology, 20 North Wacker 
Drive, Chicago 6, Illinois. 


For example: 


16 


"A Practical Manualon the Medical and Dental Use of X-rays 


With Control of Radiation Hazards , 1958. 


Reports of the National Fire Protection Association, 60 Batterymarch 
Street, Boston 10, Mass. 
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- For example: 


1. "Recommended Safe Practice for Laboratories Handling 
May 1955. 50 cents. 


Radioactive Materials , 

Reports of the United Nations, New York. 

For example: 

1. "Report of the United Nations Scientific Committee on the 
Effects of Atomic Radiations , Thirteenth Session, Supple- 
ment No. 17, (A/73838) 1958. $2.50. 

Reports of the International Atomic Energy Agency, Karnter Ring, 


Wien I, Austria. 


For example: 


1. "Safe Handling of Radioisotopes", Safety Series No. I, 1958. 
$1.00. 


Reports of the American Hospital Association, 18 East Division 
Street, Chicago 10, Illinois. 


For example: 


1, ‘Manual on the Use of Radioisotopes in Hospitals". 


Periodicals 


1, Radiological Health Data, issued monthly by the Public Health 
Service in conjunction with the responsibility of this agency for 
the collation, analysis, and interpretation of data on environ- 
mental radiation levels. For sale by the U.S. Department of 
Commerce, Office of Technical Services, Washington 25, D.C. 
Price $9.00 per year. 


2, Health Physics, the Official Journal of the Health Physics 
| Society, Pergamon Press, Inc., 22 East 55th Street, New 
York 22, N.Y. $17.00 per year. 


3. Nucleonics, published monthly by the McGraw-Hill Publishing 
Co., Inc., 330 West 42nd Street, New York 36, New York, 


$8.00 per year. 
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4. 


10, 


Science, published weekly by American Association for Ad- 
vancement of Science, 1515 Massachusetts Avenue, N. W., 
Washington, D.C., $8.50 per year. 


Public Health Engineering Abstracts, published monthly by 
the U.S. Department of Health, Education, and Welfare, 


Public Health Service. Available from Superintendent of 
Documents, U.S. Government Printing Office, Washington 
25, D.C., $2.00 per year. 


Bulletin of the Atomic Scientists, a magazine for science and 
public affairs, published monthly by the University of Chicago 
Press, 5750 Ellis Avenue, Chicago 37, Ill., $6.00 per year. 


Radiology, published monthly by the Radiological Society of 
North America, 713 East Genessee Street, Syracuse 2, N.Y., 
$10.00 per year. 


American Journal of Roentgenology, Radium Therapy, and 
Nuclear Medicine, the official organ of The American Roentgen 


Ray Society and The American Radiation Society, published 
monthly by Charles C. Thomas, 301-327 East Lawrence Ave., 
Springfield, Ill., $15.00 per year. 


The Forum Memo, a monthly report to members of the Atomic 
Industrial Forum, Inc., 3 East 54th Street, New York 22, N.Y. 
The Forum also publishes special supplements to the Memo 
dealing with particular developments in nuclear science, pro- 
ceedings of conferences organized by the Forum, and separate 
publications covering specific aspects of the field. The latter 
are on sale to the public. 


Atomic Industry Reporter, published weekly by the Bureau of 
National Affairs, Inc., Washington, D.C. A review of all 
major developments in the field of nuclear science and tech- 
nology. . 


IV. TRAINING 


14 


Many of the colleges and universities in the United States are incorporating 
several of the phases of radiological health into existing courses, while 
others are setting up new courses to cover the subject. As a result, 
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graduates of tomorrow should be well-grounded in radiological health. 
In the meantime, the majority of public health personnel must acquire 
necessary fundamentals of radiological health through means of speci- 

alized short courses. 2 


A. Anumber of colleges and universities have assisted in this work 
through presentation of radiological health seminars, symposia, 
and short courses. A brief listing of a few recent examples of 
these is given below, with the suggestion that queries on new pro- 
grams be directed to the institutions. 


l. 


2. 


Two-day conference on ‘Radioactivity and the Environment", 
Rutgers University, New Brunswick, N.J., April 9-10, 1959. 


A one-week course on ''Radiation for Industrial Physicians 
and Lawyers", University of Cincinnati, Cincinnati 10, Ohio, 
Sept. 9-13, 1957. 


A three-day course on ''Hazards of Atomic Energy", North 
Carolina State College, Raleigh, N.C., January 1959. 


A three-day ''Seminar on Radiological Health'' by Department 
of Sanitary Engineering, ‘University of North Carolina, Chapel 
Hill, N.C., January 26-28, 1959. 


Summer courses on Nuclear Technology at the an of 
California, Berkeley: 


a. ''Nuclear Technology Study Program", June 22 - Aug. 28, 
1959. 


b. "Radiological Regulation and Use", July 20-31, 1959. 
c. "Nuclear Technology Survey", July 13-17, 1959. 


Summer Courses on Radiological Health by the Postgraduate 
Medical School, New York University, New York, N.Y. 


a. "Introduction to Radiological Health", Jan, 5-16, 1959. 
b. "Radiological Health Laboratory", Jan. 19-30, 1959. 


c. "Radiochemical Analysis", Nov. 10-21, 1959. 
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~ 


d. "Radiation Hygiene Measurements", May 4-29, 1959. 


Short-term technical training courses are also being offered by 
industrial groups. Examples are: 


1, 


2. 


"Industrial Radiology", St. John X-Ray Laboratory, Califon, 


New J ersey. This course includes sessions on radiation 
hazards and safety precautions, 


Three to five day ''Radioisotope Training Courses", Tracerlab, 
Inc,, Waltham, Mass. 


Short-term technical courses available through the Federal 
government include those presented by: 


i. 


Special Training Division, Oak Ridge Institute of Nuclear 
Studies, Oak Ridge, Tenn. Typical courses offered by the 


Institute include: 


a. ''Radioisotope Research Techniques", two weeks, Labora- 
tory work and appropriate lectures on techniques which 
will enable participants to undertake research with radio- 
nuclide tracers, 


b. ''Radioisotopes in Industry", a six-week course designed 
to assist technical personnel in obtaining sufficient facility 
in the use of radionuclides to utilize them safely and ef- 
ficiently in their industrial organizations, 


Division of Radiological Health, Public Health Service, Robert 


A.Taft Sanitary Engineering Center, 4676 Columbia Parkway, | 
Cincinnati 26, Ohio. 


a a ieee 
A total of approximately one dozen different courses are offered 
under a full-time training program, — 


These include: 


a. ''Basic Radiological Health", a two-week course covering 
the basic technical knowledge essential to radiological 
health work. The course is directed principally. to engi- 
neers and Scientists. 
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Cc. 


e. 


V. FILMS 


"Medical Aspects of Radiological Health", a two-week 


basic course for medical, dental, and biological personnel. 


"Medical X-Ray Protection", a one-week course covering 
procedures for inspection and survey of x-ray facilities. . 


"Radioactive Pollutants in Water", a one-week course 
providing technical training for water supply and water 
pollution control personnel concerned with radioactive 
contamination of the water environment. 


"Radionuclides in Foods", a two-week course designed 
for professional personnel having responsibilities for 
surveillance of radioactive materials in milk and food. 


Many films covering one or more of the several phases of radiological 
health have been produced. These may serve as an excellent source of 
information and are especially valuable as teaching aids. 


A. The Atomic Energy Commission maintains 10 motion picture film 
libraries in the United States, each stocking almost 150 unclassified 
16-mm, films with sound track. A catalog describing these films 
is available upon request. To request the catalog or borrow a 
film, write the library serving your area as given below: 


If you are from Canada, Maine, New Hampshire, Vermont, 
Massachusetts, Connecticut, Rhode Island, Pennsylvania, New 
Jersey, or New York, contact: 


Director, Public Information Service 
U.S. Atomic Energy Commission 
New York. Operations Office 

376 Hudson Street 

New York 14, N. Y. 


If you are from Delaware, Maryland, Virginia, West Virginia, 
or the District of Columbia contact: _ 


Public Information Service (Pictorial) 


U.S. Atomic Energy Commission 
Washington 25, D.C. 
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If you are from Alabama, Florida, North Carolina, South Carolina, 
or Georgia, contact: . " 
Assistant to the Manager for Public Education 
U. S. Atomic Energy Commission 

Savannah River Operations Office 

P.O. Box A, Aiken, S. C. 


If you are from Montana, Utah, orIdaho, contact: 


Assistant to the Manager for Information 
U. S. Atomic Energy Commission 

Idaho Operations Office 

P. O. Box 1221, Idaho Falls, Idaho 


If you are from California or Hawaii, contact: 


Assistant to the Manager 

U.S. Atomic Energy Commission 
San Francisco Operations Office 
518 17th Street, Oakland 12, Calif. 


If you are from Colorado, Wyoming, Kansas, or Nebraska, 
contact: . 


Director, Information Division 
U.S. Atomic Energy Commission 
Grand Junction Operations Office 
Grand Junction, Colo. 


If you are from North Dakota, South Dakota, Missouri, Iowa, 
Ohio, Indiana, Michigan, Minnesota, Wisconsin, or Illinois, 
contact: 


U. S. Atomic Energy Commission 
Chicago Operations Office 
P, O. Box 59 
Lemont, Illinois 
Attn: Mr. Howard C. Baldwin, Information Officer 


If you are from Kentucky, Mississippi, Arkansas, Louisiana, or 
Tennessee, contact: 


Public Information Officer 

U. S. Atomic Energy Commission 
Oak Ridge Operations Office 

P. O. Box E, Oak Ridge, Tenn. 


If you are from Nevada, Arizona, New Mexico, Texas, or Oklahoma, 
contact: 


Director of Information 

U.S. Atomic Energy Commission 
Albuquerque Operations Office 
P.O. Box 5400, Albuquerque, N. M. 


If you are from Washington, (State), Oregon, or Alaska, contact: 


Director, Information Division 
U.S. Atomic Energy Commission 
Hanford Operations Office 

P. O. Box 550, Richland, Wash. 
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B. On the following pages is a list.of the titles and descriptions of 


films currently available on loan from Radiological Health Training 
Activities, Division of Radiological Health, Robert A. Taft Sani- 


tary Engineering Center, Cincinnati 26, Ohio. | 


RADIATION FUNDAMENTALS: POPULAR, TECHNICAL, 


1. 


"A'' Is For Atom - 15 minutes; 16 mm; color 


An amuSing character called Dr. Atom takes the audience 
through "Element Town!" to explain the atomic structure of 
the 92 naturally occurring elements. An understandable 
explanation of the principles of nuclear fission is given in an 
interesting and entertaining manner. In cartoon animation, 
the film goes on to explain principles of atomic energy, and 
how this energy can be applied to peacetime uses in industry, 
medicine, agriculture, and science. Released by the General 
Electric Company. 


Taking the X out of X-Ray - 10 minutes, 16 mm; black and white. 


With narration by Coolidge, this film describes the nature and 
development of x-rays from their discovery by Roentgen to the 
present day. Included is a description of the mechanisms by 
which x-rays are produced from both hot and cold cathode 
tubes. The theory of fluoroscopy and the production of radio- 
graphs is covered. Released by the General Electric Company. 


. Fundamentals of Radioactivity (The Radioisotope - Film I - 


Part 1) - 45 minutes; 16 mm; black and white. 


This film opens with a sequence tracing uranium, the raw 
material of atomic energy, from the prospector to the Atomic 
Energy Commission. The film shows how uranium changes 
into other elements through the natural processes of radio- 
active decay and nuclear fission, Einstein's equation E = mc 
is cited. Mention is made of the atomic bomb and the use of 
nuclear power for industry. Stable and radioactive isotopes 
are also discussed. Released by the Armed Forces Institute 
of Pathology. 


Fundamentals of Radioactivity (The Radioisotope - Film I - 
Part 2) - 35 minutes; 16 mm; black and white. 
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Charts and energy-level diagrams are employed to illustrate 
the decay of radionuclides. The various radiations resulting 
from nuclear changes are described in detail. The nuclear 
reactor is described in terms of fission and moderation. 
several scenes show target materials introduced into a ty- 
pical nuclear reactor and withdrawn as radionuclides. The 
processing of fission products is also shown. Released by 
the Armed Forces Institute of Pathology. 


Properties of Radiation (The Radioisotope - Film II - Part 1) 
30 minutes; 16 mm; black and white. 


The penetrations of alpha, beta and gamma radiation using P0210, 
p32, andCo60, respectively, is demonstrated, Characteristic ab- 
sorption curvesare derived. The cloud chamber,electrostatic 
generator, and beta ray spectrometer are introduced. Concepts © 
of the electron volt, beta ray spectrum, and neutrino are dis- 
cussed, Released by the Armed Forces Institute of Pathology. 


Properties of Radiation (The Radioisotope - Film II - Part 2) 
38 minutes; 16 mm; black and white. 


The continuation of the preceding reel opens with a discussion 
of ionization, scattering nonlinear absorption, and density 
thickness (mg/ cm7), In the section concerned with the pro- 
perties of gamma radiation, the following terms and concepts 
are introduced: Bremsstrahlung, photoelectric effect, Comp- 
ton scattering, pair production, exponential absorption, ab- 
sorption coefficient and half-thickness. The film concludes 
with a section on the interpretation of composite absorption 
curves, such as are obtained when counting samples with beta 
rays having two energy maxima, beta and gamma, or positron 
and annihilation radiation, Released by the Armed Forces 
Institute of Pathology. | 


Atomic Theory, Part I, Atomic Physics Series - 10 minutes; 
16 mm; black and white; sound, 


This film develops the rebirth of the atomic theory of matter 
beginning with the discovery of the law of definite proportions 
and Dalton's basic atomic theory. Mendeleeff's periodic table, 
Brownian movement, and the early experiments of Michael 
Faraday, showing that electric current must ke composed of 
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unit particles of electricity, are reviewed. The film con- 
cludes with a summary by Lord Rutherford. Released by 
United World Films, Inc. 


Rays from Atoms, Part II, Atomic Physics Series - 10 min- 
utes; 16 mm; black and white; sound, 


This film reviews the early investigations of cathode rays 
showing that they are small particles which possess mass 
and charge and which travel in straight lines. Included are 
the basic principles of the experiments by J.J. Thompson. 
The film concludes with a review of the nature of positive 
rays and the discovery of x-rays by Roentgen. Released by 
United World Films, Inc. 


Nuclear Structure, Part III, Atomic Physics Series - 19 min- 
utes; 16 mm; black and white; sound. 


This film begins with the discovery of natural radioactivity 

by Henri Becquerel in 1896, showing the effect of radiation 

on a photographic plate. This is followed by a review of the 
work of the Curies in isolating radium, the various types of 
radiation and their behavior ina magnetic field, and Rutherford's 
experiments showing that alpha particles are helium nuclei 

and how the pattern of their scatter by a gold foil served as a 
basis for the classical concept of the atom. The structure of 
selected simple atoms is then shown and the importance of the 
atomic number of elements, rather than the atomic weight, is 
developed through a review of the results of Moseley's experi- 
ments with characteristic x-rays. The film concludes by show- 
ing the realization of the dream of the alchemist to change one 
element into another, when Rutherford bombarded atoms of 
nitrogen with alpha particles, forming oxygen and hydrogen. 
Released by United World Films, Inc. 


RADIATION HAZARDS: ASSESSMENT AND PROTECTION 


10. 


Introduction to Radiation Detection Instruments - 19 minutes; 
16 mm; black and white. 


This film presents the fundamentals necessary to an under- 
standing of the theory of operation of radiation detection instru- 
ments, Emphasis is on the need for instruments for detection 
as our senses are unable to detect ionizing radiation. It in- 
cludes a brief description of a dosimeter, pocket chamber, ion 
chamber survey meter, alpha portable survey meter, Geiger- 
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11. 


12. 


13, 


Mueller tube and a Geiger-Mueller-type survey meter. A 
discussion is included of the penetrating ability of alpha, beta, 
and gamma rays, calibration of instruments, and their use in 
the event of disaster. Laboratory instruments are shown as 
used in more detailed analysis. A brief description of film- 
badge monitoring is also included. A radiological monitoring 
group is shown in action as they evaluate various radiological 
hazards. Released by the Armed Forces Special Weapons 


Project. 


Practical Procedures of Measurement (The Radioisotope - 
Film III) - 48 minutes; 16 mm; black and white. 


The user of radionuclides must be concerned with radiation 
measurements for safety and experimental purposes. Several 
sequences cover the principles and use of various types of 
instrumentation, with emphasis on the Geiger counter, and 
illustrate background, threshold value, plateau, and counting 
statistics. The remainder of the film is devoted to absolute 
measurement, wherein the true activity of a sample is de- 
termined by using a calibrated standard, and comparative 
measurement, wherein the activity of a sample is compared 
with that of a control sample in order to determine the quanti- 
tative change in activity which resulted from decay or dilution. 
Released by the Armed Forces Institute of Pathology. 


Practice of Radiological Safety - 33 minutes; 16 mm; black 
and white, | 


Depicts visit through a radioisotope laboratory, and discusses 
handling of radioisotope shipments; preparation of therapeutic 
doses; need for and function of a local radioisotope committee; 
laboratory design; decontamination; use of shielding; measure- 
ment of personnel exposure, and other topics pertinent to 
health safety.. Released by the Army Surgeon-General. 


Principles of Radiological Safety: I. Roentgen Unit, and II. 
Internal Radiation Dose. - 51 minutes total; 16 mm; black 
and white; sound. 


Introduced in these two films are concepts of internal and ex- 
ternal, acute and chronic, radiation exposure, illustrated by a 
historical sequence on hazards associated with x-ray and radi- 
um therapy and radium dial painting. Ionization from external 
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14, 


15. 


16, 


and internal alpha, beta, and gamma radiation is studied, 
with detailed explar.ations of roentgen and "equivalent" or 
"energy" roentgen units. Maximum permissible exposure 
and the theory of radiation-measuring instruments are dis- 
cussed, Formulae are developed for computing dosage rates 
from internal sources. Concepts of single and continued up- 
take, physical decay, and biological elimination of activity, 
biological half-life, and effective half-life are considered. 
Emphasis is on the responsibility of the radionuclide user 

to other personnel of the laboratory and to the public. Re- 
leased by the Army Surgeon-General. 


The Roentgen - 15 minutes; 16 mm; black and white; sound. 


This film develops the concept, .definition, and measurement 
of the Roentgen unit. By way of introduction, the relative 
penetrating and ionizing abilities of the various types of ion- 
izing radiation are compared. This is followed by illustrations 
of the production of ion pairs by * and gamma radiation and 

a pictorial demonstration of the concepts of secondary electron 
equilibrium and air equivalent walls. 


Human Radioactivity Measurements - 9 minutes; 16 mm; color 


and sound. 


This film shows a method developed at Los Alamos Scientific 
Laboratory to monitor personnel exposed to possible intake 

of gamma-emitting materials, and to study the retention and 
excretion of radionuclides by the body. The liquid scintillation 
counter is large enough to contain a man and sensitive enough 
to detect even the minute amounts of his natural gamma radio- 
activity. Released by the U.S. Atomic Energy Commission. 


Ionizing Radiation in Humans - 15 minutes; 16 mm; color and 


sound, 


Central in this reel is Argonne National Laboratory's whole- 
body counter, its design and operation, its use in determining 
identification, quantity, and location of internally deposited 
radionuclides. The tilting chair, one-meter arc, techniques 

in accumulation of data, and collimating of the crystal are 
among subjects of footage. Released by the U.S. .Atomic Energy 
Commission. | 
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17, 


18, 


19. 


20, 


Living with Radiation - 28 minutes; 16 mm; color and sound. 


A semi-technical documentary film discussing in detail the 
radiation-safety program of the national atomic energy pro- 
gram, using the procedures at AEC's National Reactor Test- 
ing Station in Idaho as the typical illustrative example. The 
film covers the separation-distance factor; storage and/or 
dispersal of radioactive wastes; protection of populations, 
water, crops, and livestock by air monitoring and environ- 
mental monitoring; and protection of workers by film badges, 
Special clothing, radiation counters, shielding, remote con- 
trol devices, decontamination procedures, and biochemical 
studies. Released by the U.S. Atomic Energy Commission. 


Offsite Monitoring of Fallout During Nuclear Tests - 29 


minutes; 16 mm; color, 


This film describes the radiological safety activities of the 
Public Health Service in the offsite area of the U.S. Atomic 
Energy Commission's Nevada Test Site - a 300-mile radius, 
including portions of Nevada, California, Utah, and Arizona. 
Included is a description of the training provided PHS Com- 
missioned Reservists from state health departments, uni- 
versities, and industry; monitoring and public information 
activities of representative PHS Zone Commanders; methods 
of collection, and laboratory analysis of environmental sam- 
ples. Produced for and by the U.S. Public Health Service. 


A Matter of Contamination Sense - 10 minutes; 16 mm; black 
and white. 


This is a short, relatively humorous film showing a case of 
contamination in a nuclear installation. It stresses common 
sense and points out several possible ways a person might 
become unknowingly contaminated, Produced by G. Buckland 
Smith in association with the Film Producers Guild for the 
United Kingdom Atomic Energy Authority. 


Criticality - 22 minutes; 16 mm; color. 
This film discusses the theory of criticality, and describes 


the conditions which will produce it, emphasizing the impor- 
tance of mass, shape and moderation, Included are many 
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examples of the precautions which must be taken in industry 
to assure that fissionable material will not become critical. 
Produced by G. Buckland Smith in association with the Film 
Producers Guild for the United Kingdom Atomic Energy 
Authority. | | 


BIOLOGY, MEDICINE: CLINIC AND LABORATORY 


21, 


22, 


23, 


Radiation: Physician and Patient - 45 minutes; 16 mm; color. 


This film is essentially an informal talk by Dr. RichardH. Chamber- 
lain (of the University of Pennsylvania School of Medicine and member 
of the National Committee on Radiation Protection and Measurements) 
about medical radiology - the problemit raises; its biological effects; 
its physical behavior; andits proper usein clinical examination. Many 
eminent authorities in the radiobiological field, who are interviewed 
in their ownlaboratories, discuss such matters as radiation effects 
on chromosomes, somatic effects of radiation, and dosage problems 
in radiation and clinical applications. Produced by the American 
College of Radiology in cooperation with the Public Health Service, 
supported by a grant from the Rockefeller Foundation, 


You Can Be Safe From X-Rays - 10 minutes; 16 mm; black 
and white. 


This film is intended for those whose occupations necessitate 
frequent exposure to x-radiations. Emphasized are the facts 
that penetrating radiation cannot be detected by one's five 
senses and radiation damage is cumulative and may not be 
noticed until permanent harm has been done. With illustrations 
in animation, the film is primarily designed for photofluoro- 


‘graphic operators making mass chest x-ray surveys. It has 


many well-illustrated public health principles equally of inter- 
est to anyone engaged in x-ray work. Released by United 
World Films, Inc. 


Teletherapy and Brachytherapy - 18 minates; 16 mm; color | 


and sound, 


Diagnostic and therapeutic applications are shown for radio- 
nuclides such as cobalt-60, cesium-137, europium-152, iodine- 
131, and yttrium-90. Released by the U.S. Atomic Energy 
Commission, - 
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24, 


20. 


26, 


27, 


Iodine-131 - 15 minutes; 16 mm; color and sound. 


Diagnostic and therapeutic uses of the radionuclide iodine-131 
are demonstrated for hyperthyroidism, thyroid cancer, and 
heart disease, Characteristics, techniques, and results are | 
shown, Released by the U.S. Atomic Energy Commission, 


Radiation as a Cause of Cancer - 20 minutes; 16 mm; color. 


This film presents an explanation of the histological step-by- 
step formation of cancer in various experimental animals 

and man after exposure to ionizing radiations. A brief re- 
view is made of basic atomic structure, radioactivity, and 
interaction of radiation with tissue; free radical formation is 
discussed in some detail. Also shown is an interesting ex- 
periment in which rats are fitted with jackets lined with 
strontium-90 beads. After a suitable exposure and ensuing 
latent period, skin cancer appears in the test animals. The 
carcinogenic hazards of external skin exposure are compared 
with internal exposures resulting from the uptake of radio- 
active materials by the gastrointestinal tract and the respira- 
tory system. Producedby Encyclopedia Britannica Films. 


Modification of Radiation Injury in Mice - 10 minutes; 16 mm; 


color and sound, 


Shows the effects of chemical protection on mice before radi- 
ation, and of bone marrow transplant after radiation exposure. 
Possible implications in treatment of some human diseases 
are discussed. Released by the U.S. Atomic Energy Commis- 
sion, 


Chromosome Labeling by Tritium - 15 minutes; 16 mm; color 
and sound. 


A presentation of the advantages of tritium over other radio- _ 
nuclides as labeling material in autoradiography. erence 
by the U.S. Atomic Energy Commission: 
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The Atom Comes to Town - 29 minutes; 16 mm; color and sound. 
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31, 


Sources of Information in Radiological Health 


A survey of the peacetime uses of atomic energy. Included: 
How heat from nuclear fission in a reactor can be used to 
make electricity, and what nuclear power will mean to the 
man on the street and to all of America: Scenes of various 
experimental and prototype power plants, with discussion 

of types, kilowatt capacity, principles and future develop- 
ments: Explanation of radioisotopes - how they are made and 
how they are used to alleviate suffering and raise the standard 
of living; Uses of radioactive materials in diagnosis and treat- 
ment of disease: Use of radionuclides in agriculture for pro- 
duction of better crops: Atomic energy as a means of quality 
control in manufacturing and industrial operations (studies on 
washing machines, engine wear, tires, toothpaste, plastics): 
Food preservation by radiological techniques. Chamber of 
Commerce of the United States production released by the 
U.S. Atomic Energy Commission. 


Industrial Applications of Radioisotopes - 57 minutes; 16 mm; 
Color. 


This semi-technical film surveys the current widespread uses 
of radionuclides throughout American industry. Three major 
areas of use are described: nuclear gaging (thickness, density 
and level), radiography and tracing. Luminescence, static 
elimination, isotopic power and uses of high intensity radiation 
are covered briefly. Basic principles are explained by ani- 
mation, followed by examples of in-plant uses. The film is 
designed to acquaint industrial management with the versa- 
tility, economy and ease with which radioisotope techniques 
can be adapted to plant requirements, 


X-Ray Inspection - 21 minutes; 16 mm; black and white. 


The theory of x-ray production and the application of the princi- 
ple of differential absorption of x-rays in a medium to radio- 
graphic inspection of metallic artifacts are briefly discussed. 
The procedures of a simple radiographic inspection of a cast 
gear blank are shown in detail, from the technician's viewpoint. 
Some x-ray protection principles are mentioned. Released by 
United World Films, Inc. 


Gauging Thickness with Radioisotopes - 4 1/2 minutes; 16 mm; 


black and white; sound. 
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This brief film explains how beta gauges are used for precise 
measurement and control of feedback apparatus in steel, 
plastics, rubber, and paper manufacturing. Released by the 
U.S. Atomic Energy Commission. 


Methodology (The Radioisotope - Film IV) - 40 minutes; 16 
mm; black and white. 


Opening with a historical sequence showing the early work of 
Hevesy in studying plant metabolism using naturally occurring 
radionuclides, this film goes on to essential criteria to be 
considered for setting up tracer experiments. They include 
radiochemical purity, single chemical state, elimination of 
exchange error, knowledge of the degree to which the labeled 
molecules remain intact, avoidance of chemical effects, and 
avoidance of radiation effects. Also illustrated are the rela- 
tive importance of economy of time and materials and the de- 
gree of accuracy that can be achieved when utilizing radio- 
nuclides in experimental work. Released by the Armed Forcecs 
Institute of Pathology. 
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ATOMIC STRUCTURE AND RADIOACTIVITY 


INTRODUCTION 


The objective of this presentation is to review the fundamental con- 
cepts necessary to an understanding of radioactive materials and 
the radiations they emit. 


In a general sense, nuclear radiation may be defined as a process 

that accompanies the transformation of atoms from unstable to stable 
states. To the nuclear physicist, such a definition has meaning be- 
cause he is familiar with atoms and the factors which distinguish those 
which are unstable from those which are stable. Public health personnel, 
not familiar with radiological health work, however, normally have no 
such familiarity. To them, then, this definition leaves much to be de- 
sired. 


Yet, because of increasing responsibilities involving radiation, public 
health personnel must become knowledgeable in the nuclear physics 
area. And since, as the above definition implies, radiation involves 
atoms, an understanding of some of their properties represents a logical 
beginning. . 


ATOMS, ELEMENTS, AND ISOTOPES 


Atoms are composed of three basic building blocks - one negative, one 
positive, and one neutral. 


A. The Electron 


The negative building block or particle is called the electron. It 
is of extremely small mass. 


B. The Proton 
The positive building block or particle is the proton. It too is ex- 


tremely small, although its mass is some 2000 times that of the 
electron. 
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C. The Neutron 


The neutral particle is the neutron, which has about the same mass 
as a proton and an electron combined. In fact, if a neutron is left 
standing free, it will spontaneously split into a proton and an electron. 


The protons and neutrons form the central core or nucleus of the 
atom and the electrons orbit about this nucleus much the same as 
the earth rotates around the sun. Since the exact positions of the 
orbiting electrons are not determinable, they are generally con- 
sidered to form a "cloud" about the nucleus. 


Normally, the atom is electrically neutral, having equal numbers of 
protons in its nucleus and electrons in orbit. Three of the simplest 
atoms are illustrated in Figure 1. 


Atoms of the various elements differ from one another in the number 
of protons in their nuclei. The examples shown in Figure 1 contain 
two six, and ten protons in their nuclei and represent atoms of 
helium, carbon, and neon, respectively. Other typical atoms and 
the elements they represent are shown in Figure 2. 


Atoms of the same element all have the same number of protons. The 
number of neutrons, however, in combination with the fixed number 

of protons may differ from one atom of an element to another. Atoms 
of the same element, having different numbers of neutrons in com- 
bination with the fixed number of protons, are called isotopes. The 
element neon, for example, has three stable, i.e., nonradioactive, 
isotopes as shown in Figure 3. 


RADIATIONS FROM ATOMS 


Some atoms are radioactive, that is, they are unstable and eject particles 
to approach complete or a greater degree of stability. A key to the under- 
standing of such phenomena may be found in the ratio of neutrons to protons 
in the nuclei of atoms of the elements as found in nature. In Figure 2, it 
may be noted that the larger or heavier the atom, the greater the proportion 
of neutrons to protons in its nucleus. 


When the neutron-to-proton ratio for all naturally occurring atoms is 


plotted, as shown in Figure 4, a smooth curve can be drawn connecting 


the plotted points, revealing a continuity in the composition of the elements. 
The curve terminates with uranium, the heaviest element occurring in 
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Atomic Structure and Radioactivity 


nature, and it should be noted that atoms of this element, as well as of: 
all those having more than 82 protons in their nuclei (lead), are unstable 
or radioactive. 


A, 


Alpha (a) Radiation 


Conceptually, the source of the instability of the heavy elements is their 
size; their nuclei are too large. How can they become smaller? 


One method would be to cast out or eject a few protons or neutrons. 
Rather than doing this singly, the heavy-element/atoms expel them 

in packages containing two protons and two neutrons. Such a pack- 
age is ejected with an extremely fast velocity and is called an alpha 
particle. Atoms casting out such a package are said to decay through 
emission of alpha radiation. It is interesting to note that an atom, 
undergoing such decay, changes into a new element. It is a new 
element because the product nucleus contains two less protons than 
the parent atom. Through emission of an alpha particle, uranium 
becomes thorium. Similarly, radium becomes radon. 


Beta (8) Radiation 


There is a second way that uranium can become smaller. It can 
simply split into two fragments or two smaller atoms. Although this 
splitting may occur spontaneously, it can readily be brought about 
with the addition of an extra neutron to the uranium nucleus. Such 
splitting is called fission and is the heart of the process occurring 

in nuclear reactors. | 


The smaller atoms produced in fission are called the fission products. 
They are characterized, as shown in Figure 5, by having an excess 

of neutrons as compared to stable isotopes of the same elements. This 
excess is a source of instability and results in the radioactive pro- 
perties of the fission products. | 


How can a fission-product atom correct the source of its instability ? 


As noted previously, the neutron is comparable in mass to a proton 

plus an electron and, if a free neutron is left alone, it will spontaneously 
change into a proton and anelectron. Following’ this concept, if a 
fission-product atom were able to expel electrons, each such explusion 
would result in the conversion of one of the neutrons in its nucleus to 

a proton. And each such event would bring the nucleus nearer to the 
stable neutron-to-proton ratio. 
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The expulsion of electrons by fission products is actually observed. 
The physicist calls each ejected electron a beta particle, refers to 
its emission as beta radiation, and says an atom ejecting such a 
particle is radioactive and has decayed. As in the case of alpha 
radiation, ejected beta particles generally have extremely fast 
velocities. | 


Again, as in alpha radiation, emission of a beta particle changes the 
parent atom into a new element, since the number of protons in the 
nucleus increases by one. If the daughter product also is radioactive, 
it will, in turn, emit a beta particle, becoming another new element, . 
etc., until finally a stable neutron-to-proton ratio is reached. 

Through such a series of changes, for example, the fission-product 
element krypton becomes rubidium which, in turn, becomes strontium, 
which finally converts to stable yttrium. 


C, Gamma (y) Radiation 


Either alpha or beta particles may be accompanied by gamma 
radiation — a type identical, for all practical purposes, to the 

X-rays commonly used in medicine. Whereas alpha or beta radi- 
ation brings about a change in the size of the nucleus or the number 

of a particular type of particles therein, the emissionof gamma radi- 
ation represents only a release of energy — that energy whichhappens 
to remain in the newly formed nucleus after emission of the alpha or 
beta particle. 


IV. CHARACTERISTICS OF UNSTABLE ATOM POPULATIONS 


Thus far the discussion has applied principally to the behavior of individual 
atoms — the source of their instability and the type of radiations they emit. 
Such knowledge forms the basis of nuclear fundamentals which public 
health personnel should master. 


In actual practice, however, these personnel will be dealing with large 
numbers or populations of unstable atoms, and, in such circumstances, 
additional factors or characteristics are important. 


A. Frequency of Decay 


The first of these factors is the frequency or rate of decay of unstable 
atoms within a sample. This factor is important since it is a measure 
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of the rate of release of alpha and/or beta particles. Frequencies 
(rates of decay) are expressed in units of: 


1. 


The Curie 


One curie of radioactive material is that quantity (or population) 
of unstable atoms whose frequency of decay is 37 billion per 
second. | 


A curie may be made up of unstable atoms all of one type or of 
a mixture. In any such sample, the resulting frequency. of 
release of alpha and/or beta particles will be 37 billion per second. 


Since gamma rays do not necessarily accompany alpha and beta 
particles, the frequency of gamma emission per curie can not 
be specified unless the types and percentages of unstable atoms 
in the sample are known. 


The curie represents a rather large frequency of radiation 
emission. Since personnel engaged in radiological health activities 
will generally be dealing with much smaller quantities of radio- 
active material, units for expressing smaller frequencies are re- 
quired. 


The microcurie 


The microcurie (one millionth of a curie) is that quantity of radio- 
active material in which the frequency of decay of unstable atoms 
is 37 thousand per second. Within this amount, the rate of release 
of alpha and beta radiations combined will be 37 thousand per 


second. 
The micromicrocurie or picocurie 


An even smaller unit is the micromicro- or picocurie (one million- 
th of a millionth of a curie) which is the quantity. of radioactive 
material whose frequency of decay of unstable atoms is 2, 22 

per minute, (See Figure 6), 


B. Population Decrease 


Obviously, if unstable atoms are decaying to stable states, the popu- 
lation subject to decay will decrease with time. The relationship of 
this decrease with time is a second important characteristic of un- 
stable atom groups. : | 


| 


| 





=< ye = . . => =F ta is = —< = = s 34 = - = z = = + —— s Fe == . ay ae es 2 J . 3 é ‘ : : ‘o> = oe ae 
_ = 3 2 seen n = _ = >= > at = = = ; 4 ¢ —- = = = Sis . 6h SR =a — = s 
a c ae + See . Sores 2S: ; ; ; = 2 : Ses = aE = > 3 4 = Beets. 
“ ae: / +3 3% Soa Pe : = 4 = = my , rt = : Pe, ES : ine Sead, 
> — > < $ i == z = j c § : 2 . % 2 . P = “ 4 e prs getty 
. ¢ . > e . ‘ . : r 
' : s > . , . . - x : > 
P rt c& 2 : ‘ “ 7 9g 3 , * 
s . . a 





Atomic Structure and Radioactivity 









a S MA ees I | | INicroriovoare 
eS jroourie || Ss Picocurie) 






“FIGURE 6 


A Bipressin COs 
- Ponta ION Sones 


Se Pe ULRLOR: 





nes ta LIVES 


FIGURE ¥ ~ 


Atomic Structure and Radioactivity | 


10 


The circumstances of this decrease are very much analogous to the 
behavior of human populations, if births are ignored. For example, 
each specific type of unstable atom has its own fixed death rate and 
populations of this particular atom decay or "die off'' corresponding- 
ly. As with human populations, the frequency of atomic deaths is 
directly proportional to the population subject to this event and, 
therefore, the rate or frequency of decay will be reduced as the 
population declines. _ 


The physicist expresses this characteristic property in terms ofa 
unit called the Half-life —— the time required for the decay of half of 
the original unstable atom population. As with deaths in human 
populations, the particular individuals within a given group which 
will decay (or die) cannot be specified, But it can be predicted that, 
after a definite period, a certain fraction of a given population will 
have decayed. (In drawing this analogy, it should be noted that, al- 
though with human populations the probability of death varies with 
age, each unstable atom of the same type has an equal probability 

of death, regardless of its age, i.e., time of formation). 


With the passage of one half-life, half of the original population of un- 
stable atoms will have decayed. With the passage of a second half- 
life, half of the previously remaining half will have, inturn, decayed. 
Thus, percentage-wise, passage of a second half-life results ina | 
comparable population decrease. Yet, in actual numbers, sub- 
stantially fewer unstable atoms will have decayed during the second 
half-life since, as was pointed out, the actual frequency of decay 

also decreases with the population decrease. (See Figure 7) 


Each radionuclide decays with a specific half-life. For example, 
radium-226 decays with a half-life of 1620 years; iodine- 131 — 8 
days; and sodium-24 — 15 hours. Theoretically, radioactive ma- 
terials never completely decay. As a rule of thumb, approximately 
99% of the atoms of any radionuclide will decay in a period of seven(7) 
half-lives. 


SUMMARY 
Radioactive materials consist of unstable atoms, and radiation is a pro- | 


cess which accompanies the transformation of the unstable atoms to states 
of complete or greater stability. In general, the heavy elements are 





Atomic Structure and Radioactivity 


characterized by emission of alpha particles, this type of radiation being 
limited to these elements. The fission products are characterized by 
the emission of beta particles. Depending on the type of atom, the single 
alpha or beta particle emitted in the decay of an unstable atom may or 
may not be accompanied by gamma radiation. 


Important characteristics of unstable atom populations for public health 
personnel are the rate or frequency with which the atoms emit radiations 
and the decrease in this emission rate with time. The curie is the basic 
unit for expressing the rate of decay. The decline in unstable atom popu- 
lation with time (and corresponding decrease in rate of decay) is express-— 
ed in terms of half-life. 


GENERAL REFERENCE 


Glasstone, Samuel, "Sourcebook on Atomic Energy", D. Van Nostrand Company, 
Inc., Princeton, New Jersey, 1958. 
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X-RAY FUNDAMENTALS 


INTRODUCTION 


X-rays were discovered in 1895 by Wilhelm Conrad Roentgen. During 
the course of some studies, he covered a cathode _ray tube with a black 
cardboard box, and observed fluorescence on a screen coated with 
barium platinocyanide near the tube. After further investigation of this 
phenomenon, he concluded that the effect was caused by the generation 
of new invisible rays capable of penetrating opaque materials and 
producing visible fluorescence in certain chemicals. He called these 
new invisible rays ''x-rays.'' Because of their discoverer, x-rays are 
also sometimes referred to as Roentgen rays. 


NATURE OF X-RAYS 
A. Fundamentals 


An x-ray beam is made up of a group of rays which are fundamentally 
of the same nature as visible light, ultra-violet and infra-red. They 
are all electromagnetic radiations which have been produced by 
rapidly changing electric and magnetic fields. They have no mass, 
no electrical charge, and can be considered as quanta or "packets" 
of energy traveling in wave motion at the speed of light. 


Electro-magnetic radiation is measured in terms of energy and 
wavelength. Wavelength is the distance between any two similar 
points of two consecutive waves and is usually represented by the 
Greek letter \ (lambda). (See Figure 1). 


Since all electromagnetic rays travel at the speed of light (30 billion 
cm/sec or 186,000 miles/sec), the number of waves passing a certain 
point per unit time will decrease with increasing wavelength. This 
quantity is called the frequency and is represented by the Greek letter 

v (nu). The relation between the wavelength x, the frequency v, and the 
velocity of light c is given by the equation: 


C=vzr 


RA. XR, 18a. 5.61 
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ELECTROMAGNETIC RADIATION 
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It is well to know the relationship between energy of an x-ray, its 
wavelength, and its frequency. The energy of an electromagnetic 
ray is directly proportional to its frequency and inversely propor- 
tional to its wavelength. Therefore, the greater the wavelength, the 
lesser the frequency and the lower the energy. The relationship 

of these various factors for the common classes of electromagnetic 
radiations is showninFigure 2. Such an arrangement is known as the 
electromagnetic spectrum. | 


In addition to the visible portion, the electromagnetic spectrum 
includes longer wavelength radiations such as infra-red or heat 
rays, the long range radio waves and finally the very long electric 
waves (such as those associated with 60 cycle alternating currents). 
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X-ray Fundamentals 


On the other side of the visible portion of the spectrum are those 
with shorter wavelength, namely ultra-violet rays, and those with 
still shorter wavelength, x- and gamma rays. It should be noted 
that x- and gamma rays actually occupy the same portion of the 
electromagnetic spectrum; however, x-rays cover a larger part 

of the spectrum due to the controlled conditions of their production. 


It is of interest to compare the various wavelengths in the electro- 
Magnetic spectrum. The wavelength associated with 60 cycle 
alternating current, for example, is 9, 460 miles or about the 
distance from the equator to the riorth pole. The length of TV 
waves is about 1 to 5 yards. Medical x-rays, on the other hand 
have a wavelength of about one billionth (1079) of an inch. It is 
this characteristic that is responsible for the ability of x-rays to 
penetrate materials. 


Dual Nature of X-rays 


At present, x-rays and other electromagnetic radiation are con- 
sidered to possess a dual nature. Certain experiments can be 

explained if one thinks of x-rays as consisting of'continuous waves, 
while other experiments are difficult to explain unless one thinks of 

the x-rays as consisting of particles with a definite amount of energy. 
By combining both ideas, x-rays can be thought of as consisting of .. 
minute bundles or packets of wave energy. These packets are generally 
referred to as photons or quanta. The energy (E) of each minute 

bundle is given by the equation: 


E = hv 
where 


h = Planck's constant 
v = frequency of the photon 


Comparison of X- and Gamma Rays 


As pointed out previously, x-rays are electromagnetic waves and 
occupy roughly the same portion of the electromagnetic spectrum as 
gamma rays and are identical to them. Like x-rays, gamma radiation 
can pass through solid material and the mode of interaction of both 
types of radiation with matter is the same. The biological and 
photographic effects are also identical. 
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X- and gamma rays differ only in their origin. Whereas gamma 
rays come from within the nucleus of the atom, and as a result 
consist only of rays of one or several discrete energies, x-rays 

are generated outside the nucleus by the interaction of high speed 
charged particles with the atom and therefore consist of a broad 
continuous spectrum of energies. Even though there is a difference 
in the energy distribution of x- and gamma rays, this has no bearing 
upon the properties or characteristics of individual rays of the same 
energy. An individual x-ray could never be distinguished from an 
individual gamma ray. 


The X-ray Spectrum 


When high speed electrons are stopped by a target such as in the 


production of x-rays, the radiation produced has a continuous 
distribution of energies (wavelengths). The continuous distribution 
of wavelength obtained by operating an x-ray tube with a tungsten 
target at various voltages is shown in Figure 3. Although the 
intensity of an x-ray beam is different for targets of different 
atomic number, the general features of the continuous spectrum 
for all targets are similar. 


TYPICAL X-RAY SPECTRA. 
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As the f. st-moving electrons e: ter the surface layers of the target, 
they are abruptly slowed down by collision with the strong Coulomb 
field of the nucleus and are deviated from their original direction of 
motion. Each time the electron suffers an abrupt change of speed, 

a change in direction, or both, energy in the form of x-rays is 
radiated. The energy of the x-ray photon which is emitted will 
depend upon the degree of deceleration which occurs. If the electron 
is brought to rest in a single collision, the energy of the resulting 
photon will correspond to the kinetic energy of the electron and will 
be a maximum. If the electron suffers a less drastic collision, a 
lower energy photon will be produced. Since a variety of types of 
collisions will be occurring, photons of ail energies up to a maximum 
will be produced. This accounts for the continuous distribution of 
an x-ray spectrum. 


An x-ray beam may contain one or more sharp peaks superimposed 
on the continuous spectrum. (Figure 3) For a given x-ray tube, 
these peaks are a definite energy and are uniquely characteristic 

of the element that is used as the target. For this reason, they are 
called characteristic radiations. In an x-ray tube, the intensity of 
the characteristic x-rays is negligible compared to the continuous 
spectrum and is therefore of little interest in diagnostic applications. 


II. ABSORPTION AND SCATTERING OF X-RAYS 


A. 


Absorption of X-rays 


One of the most important properties of x-rays is, of course, their 
strong penetrating power. The extent to which a beam of x-rays 

will penetrate into a substance depends on the density of the absorbing 
material and the energy of the x-rays. 


The absorption of a narrow beam of monoenergetic x-rays, passing 
through a thin absorber, can be described by the exponential equation: 


| 
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where 
I, = original intensity of the beam incident 
on the absorbing material 
I = intensity after passing through thickness X 
X = «thickness of absorber 
» = +aconstant (linear absorption coefficient) 


Because the x-rays produced by an x-ray tube are not monoenergetic, 
the weaker photons will be more readily absorbed than those represented 
by the more energetic portions of the spectrum. Thus as the x-ray 
beam passes through the first few layers of a given absorbing material, 
a greater percentage of the softer, less penetrating rays is absorbed. 
As a result, the emerging beam contains a greater proportion of the 
harder rays. As the x-rays pass through each additional thickness of 
absorber, more and more of the softer components are removed. An 
example of the effects of filtration on the energy of an x-ray beam is 

. shown in Figure 4. Here, intensity of the x-ray beam is plotted 
against energy, whereas in Figure 3, . intensity was plotted against 
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. The value of proper beam filtration in the reduction of patient 
exposure in the dental and medical profession becomes obvious 
here. Lower energy x-rays, which otherwise only contribute to 
patient exposure and not to the quality of the radiographic image, 
are purposely removed from the useful beam by filtration before 
they reach the patient. 


B. The HVL Concept 


The quality of an x-ray beam can be described by its half-value layer 
(HVL). The HVL of a beam is that thickness of some specified materi- 
al, (usually Al or Cu) which will attenuate the beam to one-half of its 
original intensity. The HVL of a beam is a function of its effective 
energy. The effective energy is approximately 1/3 of the applied kilo- 
voltage, being influenced somewhat by the nature of the power supply, 
and increasing as filtration is added. 


The HVL of an unfiltered beam is increased considerably by adding a 
filter. As the amount of filtration is increased, each increment of 
added filtration has less and less effect on the HVL, so that the HVL 
of a highly filtered beam is altered very little by additional filtration. 
Thus, the HVL of a highly filtered beam is generally more descriptive 
of beam quality than the HVL of an unfiltered beam. 


C. Scattering of X-rays 


When a beam of x-rays enters an absorbing material, a part of the 
energy of the beam is absorbed and at the same time there is re- 
emission of x-rays in all directions. Thus the absorbing material it- 
self becomes a source of x-rays. The x-rays emitted from the ab- 
sorbing material are in general of two kinds: (1) scattered; and (2) 
secondary radiations. Both arise as a result of collision of the x-rays 
of the primary beam with atoms of the absorbing material. 


1. Scattered X-rays 


a. These are the rays that have suffered a change of direction 
after collision with atoms of the absorbing material. 


b. They are scattered in all directions (even backwards) by the 
absorbing material, but with the more energetic rays tending 
to scatter in a forward direction. 
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c. The intensity and quality of the scattered radiation depends 
upon the scattering material, the angle of scatter, the energy 
and intensity of the incident beam, and the volume irradiated. 


2. Secondary X-rays 


a. These are defined as those emitted by the atoms of the absorb- 
ing material. 


b. They are characteristic of the absorbing material, being in 
fact identical with the characteristic x-rays emitted by the 
same material, if it were being used as the target of an 
x-ray tube. 

\ 


c. Secondary x-rays are emitted equally in all directions. 


PRODUCTION OF X-RAYS 


As previously mentioned, x-rays are produced whenever a beam of high 
speed electrons strike a material. This is due to their sudden stoppage 

or deflection by atoms within the target material. On the average, the 
fraction of the energy of the electron which is emitted as electromagnetic 
radiation increases with the atomic number of the atoms of the target and 
the velocity of the electrons. For ordinary medical and dental x-ray units, 
this fraction is very small, usually being less than 1% of the total energy. 
The remainder of the energy is converted into heat. This heat production 
is a serious factor in limiting the capacity of an x-ray tube. 


The maximum energy of the x-rays produced is generally expressed in 
terms of the potential difference through which the electrons have been 
accelerated. It must be remembered; however, that the energy of the 
x-rays covers the complete spectrum from the maximum energy of the 
bombarding electron downward. 


The production of x-rays for practical use in the dental and medical 
profession requires that a relatively economical source be available. 
This source is the x-ray tube. 


The modern x-ray tube consists of a highly evacuated glass envelope 
containing the cathode (filament) and the anode (target). (Figure 5). 
A high voltage is applied across this cathode and anode. As the filament 
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X-ray Fundamentals 


is heated and electrons are "boiled" off, they are accelerated across the 
gap to the target by the electric field which the high potential gradient 
produces. Bombardment of the target by these high speed electrons 
produces x-rays. The voltage applied across the tube determines the 
maximum energy of the x-rays produced. 


The x-ray equipment used today with the hot filament tube offers advantages 
which were unheard of in the days of the cold cathode gas tubes. The 
operating characteristics of a good modern x-ray tube remain reasonably 
constant throughout its life. Also, a wide range of x-ray energies and 
intensities are readily available by simple electrical adjustments of the 
unit. The ability to control independently both the quality and quantity of 
radiation makes the x-ray unit an invaluable tool in modern dental and 
medical procedures. 


The voltage applied across the cathode and anode of the x-ray tube will 
determine the quality or effective energy of the resultant x-ray beam. A 
higher voltage accelerates the free electrons to the target at a greater 
rate of speed thereby producing higher energy x-rays. The quantity or 
number of x-rays produced is determined by the number of electrons 
which are emitted by the hot filament. The temperature of this filament 
is controlled by the current which flows through it, thereby enabling one 
to control the available number of electrons which are accelerated to the 
target. This, then, indirectly controls the number of x-rays produced. 
The voltage applied across the tube is given in terms of the number of 
thousands of volts or kilovoltage (kv). The electron current which flows 
from the cathode to the anode is given in milliamperes (ma). 


The high voltages required for x-ray tube operation are best obtained by 
step-up transformers, the output of which is always A.C. Since the 
electrons must flow only from cathode to anode within the tube, some means 
of rectification is necessary. Nearly all x-ray units in operation today 

are either self-rectified or have employed valve rectification. 


A. Self Rectification 


A self-rectified tube acts as its own rectifier. When an alternating 
voltage is applied to such a tube, electrons flow only from the cathode 
to anode as long as the anode remains cool. If the anode becomes 
hot, the flow of electrons reverses during the second half-cycle and 
the cathode is damaged. Thus the self-rectified tube is limited to 
low currents and short periods of operation. Many dental units are 
of this type. 
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B. Valve Rectification 


The use of valves (or rectifier tubes) in the power supply circuit. 
eliminates the inverse voltage on the x-ray tube. Thus, more 
power can be handled by the x-ray tube, the radiation output is 
increased, and the time of exposure is shortened. There are many 
types of power supply circuits, employing from one to four valves. 
The most common circuits in use today employ two valves for half- 
wave rectification and four valves for full-wave rectification. 
Modern medical units all incorporate to some degree the valve 
rectification principle. 


V. OTHER SOURCES OF X-RAYS 
X-rays are also produced by supervoltage machines such as Van de Graaff 
generators, betatrons, and synchrotrons.. Electronic tubes such as 


TV picture tubes, and rectifier tubes may also serve as an accidental 
source of x-rays. 
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INTERACTION OF RADIATION WITH MATTER 


I; INTRODUCTION 


All radiation possesses energy either inherently, as in the case of 
electromagnetic radiation, or as kinetic energy of motion in the 

case of the particulate radiations. Absorption of radiation is the 
process of transferring this energy to atoms of the medium through 
which the radiation is passing. To say that radiation interacts 

with matter is to say that it is either scattered or absorbed. The 
mechanisms of the absorption of radiation are of fundamental interest 
in the field of radiological health primarily because of the following 
reasons: 


1. Absorption in body tissues may result in physiological injury. 
2. Absorption is the principle upon which detection is based. 


3. The degree of absorption or type of interaction is a primary 
factor in determining shielding requirements. 


The transfer of energy from the emitted particle or photon to atoms 
of the absorbing material may occur by several mechanisms but, of 
the radiations commonly encountered, the following two are the most 
important: 


1. lonization - any process which results in the removal of an elec- 
tron (negative charge) from an atom or molecule the reby leaving 
the atom or molecule with a net positive charge. 


2. Excitation - the addition of energy to an atomic or molecular 
system, thereby transferring it from its ground state to an excited 
state. Depending on the type of interaction, either the atomic 
nucleus or one of its orbital electrons may absorb the excitation 
energy. 


Ordinarily, the atoms in a material are electrically neutral, i.e., they 
have exactly as many negative electrons-in orbit as there are positive 
protons in the nucleus. Thus the difference, or net electrical charge, 
is zero. Radiations have the ability to either tear loose one or more 

of the electrons from their orbit or raise the orbital electrons to a 
higher energy level. In the former case (ionization) there is left 


3. 1. B. (12. 61) 


Interaction of Radiation with Matter 


behind an atom carrying an excess of positive charge, and a free 
electron. Inthe latter case (electronic excitation), the excited atom 
may lose its excess energy when an electron in a higher energy shell 
falls into the lower energy vacancy created inthe excitation process. 
When this occurs, the excess energy is liberated as a photon of electro- 
magnetic radiation (which may escape from the material but 

usually undergoes other absorptive processes.) Nuclear excitation is 
of significance only for neutrons or other radiation of relatively high 
energies. A discussion of the types of radiations and their inter- 
actions might conveniently be divided into four main categories: 


1. Heavy, positively charged particles: alpha particles, protons, 
deuterons, tritons, and possibly mesons, would exhibit similar 
mechanisms of interaction with matter. *Alpha particles will 
be discussed as a prototype of this group. 


2. Beta particles: Both positrons and electrons would fall into this 
category. They have equal masses and equal but opposite charges, 
and therefore lose their kinetic energy by similar mechanisms. 
The electron is used as the prototype of this category. 


3. Electromagnetic radiation: This group includes both x- and 
gamma radiation; however since these two radiations differ 
in their origin and not in their mechanism of interaction, only 
gamma radiation will be discussed. 


4. Neturons: The interaction of neutrons is discussed separately in 
another section of this manual. Therefore, to avoid duplication, 
this radiation will not be described herein. 


II, ALPHA ABSORPTION 


A, Analpha particle is made up of two protons (positively charged) and 
two neutrons, all strongly bound together by nuclear forces. If such 
a particle approaches an electron (negatively charged), it experiences 
a strong electrostatic attraction, whereas if it approaches an atomic 
nucleus (also positively charged) it will tend to be repelled. Alpha 
particles have a mass about 8, 000 times that of the electron. They 
are ejected from the nuclei of radioactive atoms with velocities of 
the order of 1/20 the speed of light. All of these properties - its 


*Due to their large mass, heavier particles, such as fission fragments, would 
lose energy predominantly by other processes, 
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large mass, its charge, and its high velocity tend to make the alpha 
particle an efficient projectile when it encounters atoms of an absorb- 
ing material. In other words, it would have a high probability of 
interacting, or colliding, with orbital electrons, and also atomic 
nuclei, 


When speaking of "collisons'' between subatomic particles, it should 
be understood that the particles (for example an alpha and an atomic 
nucleus) need approach each other only sufficiently close for forces 

to interact. Such an interaction may then be referred to asa 
collision. An alpha may undergo either elastic (no transfer of energy), 
or inelastic (transfer of energy from the alpha radiation to the target 
particle) collisions. 


Inelastic collisions may result in ionization and/or excitation. And 
since a finite amount of energy is required to ionize or excite an atom, 
the kinetic energy of the alpha particle is gradually dissipated by such 
interactions until it captures two electrons and settles down to a quiet 
existance as a helium atom. 


Due to the high probability of interaction between an alpha particle and 
orbital electrons of the absorbing medium, a large number of ion pairs 
are formed per unit path length. And since a fraction of the kinetic 
energy of the alpha particle is absorbed on formation of each ion pair, 
this type of radiation loses its energy over a relatively short distance. 
For these reasons, the range of alpha particles is much less than the 
range of other forms of radiation. It is, in summary a highly ionizing, 
weakly penetrating radiation. 


1. Alpha particles from a given radionuclide are all emitted with the 
same energy, consequently those emitted from a given source 
will have approximately the same range ina material. Alpha 
particle range is usually expressed in centimeters of air. The 
relationship between range and energy has been expressed 
empirically as follows: 


R= 0,318 B°/? 
a 
Where: 
R, * range inem. of air at 1 atm. and 15°C 
EB = energy in Mev 
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The range of alpha radiation in solids may be compared to their 
range in air. The approximate relationship between range ina 
solid and range in air is given below: 


Reolid  @* * Rairy Vo Asotia 


solid 
R = range 
p = density 


A = mass number 


2. The number of ion pairs formed per centimeter of path in any 
given medium is called the Specific ionization for that particular 
ionizing radiation. 


Spccinic donization “= number of ion pairs formed 
Centimeters of path 

3. About 34 electron volts of energy are required for the formation 
of a primary ion pair in air. Only about half to two-thirds of 
this is required to remove the orbital electron, the balance being 
lost in electronic excitation processes. Depending on the energy 
of the alpha particle, the number of ion pairs formed per centi- 
meter of path in air will range from 5, 000 to 80, 000. 


Ill, BETA ABSORPTION 


The rest mass of a beta particle is the same as that of an orbital electron 
and, aS a consequence, very much smaller than the mass of the nuclei of 

the atoms making up the absorbing medium. Since beta particles and orbital 
electrons have like charges, they experience an electrostatic repulsion 

when in the vicinity of one another. But a beta particle has a charge opposite 
to that on the atomic nucleus, therefore an electrostatic attraction will be 
experienced as the beta approaches the nucleus. : 


All of these factors must be realized in order to understand the interaction 
between the beta radiation and atoms in an absorbing medium, For exam- 
ple, considering only the mass relationship between the beta particles and 
orbital electrons, one might expect that the interaction between these two 
electrons is somewhat similar to the collisions between billiard balls. 
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Actually, a beta particle may lose all of its energy in a single collision. 
In such an interaction, the target electron can effectively become an 
ionizing particle. 


Normally a beta particle loses its energy in a large number of ionization 
and excitation events in a manner analogous to the alpha particle. Due to 
the smaller size and charge of the electron, however, there is a lower 
probability of beta radiation interacting in a given medium; consequently, 
the range of a beta is considerably greater than an alpha of comparable 
energy. | 


Since the electronic mass is small compared with that of a nucleus, large 
deflections can occur in single collisions, particularly when electrons of 
low energies are scattered by high atomic number elements (high positive 
charge on the nucleus). As a result, a beta usually travels a tortuous, 
winding path in an absorbing medium. 


In addition to ionization and excitation, a beta may have an interaction with 
an atom which results in the production of x-rays. A high energy beta may 
penetrate through the electron cloud surrounding the nucleus of the atom, 
and in traveling through the various quantum energy states of the orbital 
electons, it experiences the strong electrostatic force of the nucleus, re- 
sulting in a change in velocity and the emission of several x-rays having a 
spectrum of energies. (Such x-rays are referred to as 'Bremsstrahlung 
radiation"), It becomes an increasingly important mechanism of energy 
loss as the initial energy of the beta increases, and the atomic number of 
the absorbing medium increases. As previously pointed out, all alpha 
particles from a given radionuclide are emitted with the same energy. When 
betas are emitted, the total kinetic energy involved in the decay of the 
radioactive atom is divided between the beta and neutrino. The neutrino 
has a zero charge and negligible mass, consequently its contribution to the 
overall interaction is insignificant, but it does carry away a fraction of the 
total kinetic energy available, therefore the beta may be emitted with an 
energy varying from practically zero up to a maximum energy (which is 

a characteristic of the particular radionuclide). 


GAMMA ABSORPTION 
A- and gamma rays differ only in their origin, and an individual x-ray 


could not be distinguished from an individual gamma ray. Both are 
electromagnetic waves, or quanta, and differ from radio waves and visible 
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light waves only in having much shorter wavelengths. The difference in 
name is used to indicate a difference in source - gamma rays are of 
nuclear origin, while x-rays are of extra-nuclear origin (i.e., they origi- 
nate in the electron cloud surrounding the nucleus), Both x-rays and 
gamma rays have zero rest mass, no net electrical charge, and travel 
with the speed of light. They are basically only distortions in the electro- 
magnetic field of space, and because of this fact, they interact elect- 
trically with atoms to produce ionization even though they themselves 
possess no net electrical charge. As previously pointed out, gamma 

rays will be discussed as the prototype of this type of radiation. There 
are three mechanisms by which gamma rays lose energy by interacting 
with matter. 


A, The Photoelectric Effect 


The photoelectric effect is an all-or-none energy loss. The gamma 
wave, or photon, imparts all of its energy to an orbital electron of 
some atom. The gamma photon, since it consisted only of energy 

in the first place, simply vanishes. The energy is imparted to the 
orbital electron in the form of kinetic energy of motion, and this 
greatly increased energy overcomes the attractive force of the nucleus 
for the electron and causes the electron to fly from its orbit with con- 
siderable velocity. Thus, an ion-pair results. The high velocity 
electron (which is called a photoelectron) has sufficient energy to knock 
other electrons from the orbits of other atoms, and it goes on its way 
producing secondary ion-pairs until all of its energy is expended. 


B. The Compton Effect 


The Compton Effect provides a means of partial energy loss for the 
incoming gamma ray. Again the gamma ray appears to interact with 
an orbital electron of some atom, but in the case of Compton inter- 
actions, only a part of the energy is transferred to the electron, and 
the gamma ray "staggers on" in a weakened condition. The high velo- 
city electron, now referred to as a Compton electron, produces 
secondary ionization in the Same manner as does the photoelectron, 

and the weakened gamma ray continues on until it loses more energy 

in another Compton interaction or disappears completely via the photo- 
electric effect. The unfortunate aspect of Compton interaction is that 
the direction of flight of the weakened gamma ray is different from 

the direction of the original; in fact, the weakened gamma ray is 
frequently referred to as a ''scattered'' photon, and the entire process 
known as "Compton scattering.'' By this mechanism of interaction, 

the direction of photons in a beam may be randomized, so that scattered 
radiation may appear around corners and behind "'shadow'' type shields. 
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Pair Production 


Pair production, the third type of interaction, is much rarer than 
either the photelectric or Compton effect. In fact, pair production 

is impossible unless the gamma ray possesses at least 1.02 Mev of . 
energy. (Practically speaking, it does not become important until 
two Mev of energy). In pair production a gamma photon simply dis- 
appears in the vicinity of a nucleus, and in its place appears a pair 

of electrons - one negative, one positive. The mass of these electrons 
has been created from the pure energy of the photon, according to the 
familiar Einstein equation E = mc2, where (E) is energy, in ergs, (m) 
is mass in grams, and (c) is the velocity of light in cm/sec. If there 
is any excess energy in the photon above the one Mev required to 
create two electron masses, it is simply shared between the two 
electrons as kinetic energy of motion, and they fly out of the atom 
with great velocity. The negative electron behaves in exactly the 
ordinary way, producing secondary ion-pairs until it loses all of its 
energy of motion. The positive electron (known as a positron) also 
produces secondary ionization so long as it is in motion, but when it 
has lost its energy and slowed almost to a stop, it encounters a free 
(negative) electron somewhere in the material. The two are attracted 
by their opposite charges, and, upon contact, annihilate each other, | 
converting the mass of each into pure energy. Thus two gammas of 
0.51 Mev arise at the site of the annihilation. The ultimate fate of the 
annihilation gammas is either photoelectric absorption or Compton 
scattering followed by photoelectric absorption. 


Figure 1 illustrates the three mechanisms of gamma interaction, and 
Figure 2 shows the fraction of the total decrease in beam intensity 
which is due to the action of each, for energies between 10 kev and 100 
Mev, using lead as the absorbing material. At low energies the photo- 
electric interactions predominate, at intermediate energies Compton 
scattering is the most likely interaction, and at high energies pair 
production is the most important. 
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Figure 2. 


MASS ABSORPTION COEFFICIENTS FOR LEAD 
CONTRIBUTION OF THE PHOTOELECTRIC EFFECT , COMPTON 
SCATTERING ,AND PAIR PRODUCTION TO THE TOTAL 
ATTENUATION COEFFICIENT. 
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UNITS OF RADIATION DOSE 


INTRODUCTION 


Fundamentally, the harmful consequences of ionizing radiations to a 
living organism are due to the energy absorbed by the cells and tissues 
which form the organism. This absorbed energy (or dose) produces 
chemical decomposition of the molecules present in the living cells. 
The mechanism of the decomposition appears to be related to ionization 
and excitation interactions between the radiation and atoms within the 
tissue. The amount of ionization or number of ion pairs produced by 
lonizing radiations in the cells or tissues provides some measure of 
the amount of decomposition or physiological damagethat might be 
expected from a given quantity or dose. The ideal basis for radiation 
dose measurement could be, therefore, the number of ion pairs (or 
ionizations) taking place within the medium of interest, For certain 
practical reasons, the medium chosen for defining exposure dose is air. 


EXPOSURE DOSE - THE ROENTGEN 


The exposure dose of x- or gamma radiation within a specific volume 
is a measure of the radiation that is based upon its ability to produce 
ionization in air. The unit used for expressing the exposure to x- or 
gamma radiation is the roentgen (r). Its merit lies in the fact that the 
magnitude of the exposure dose in roentgens can usually be related to 
the absorbed dose, which is of importance in predicting or quantitating 
the expected biological effect (or injury) resulting from the radiation. 


The roentgen is defined’) as an "exposure dose of x- or gamma radiation 
such that the associated corpuscular emission per 0.001293 gram* of 

air produces, in air, ions carrying one electrostatic unit of quantity of 
electricity of either sign. '' Since the ionizing property of radiation 
provides the basis for several types of detection instruments and methods, 
such devices may be used to quantitate the exposure dose. It is to be 
noted in the definition of the roentgen that this is a unit of exposure dose 
which is based upon ionization of air, it is not a unit of ionization, nor 

is it an absorbed dose in air. 


*1 cc of air at standard conditions of temperature and pressure weighs 
0.001293 grams 
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III, ABSORBED DOSE - THE RAD 


The absorbed dose of any ionizing radiation is the energy imparted to 
matter by ionizing radiations per unit mass of irradiated material at 

the place of interest, The unit of absorbed dose is the rad, One rad 

is equivalent to the absorption of 100 ergs/gram. It should be emphasized 
that although the roentgen unit is strictly applicable only to x- or gamma 
radiation, the rad unit may be used regardless of the type of ionizing 
radiation or the type of absorbing medium. 


The following example will illustrate how the exposure dose may be 
related to the energy absorbed, or the absorbed dose: 


Problem: A radiation detection instrument was used to measure the 
exposure dose from a gamma source at some point inair, The 
dose measured was one roentgen. How much energy was absorbed 
per gram of air at the irradiated point? (Assume standard con- 
ditions of temperature and pressure. ) 


Solution: To form 1 esu pe 0.001293 gram of air, the radiation must 
- produce 1, 61 X 1014 ion pairs when absorbed in 1 gram of air. 
It is known that, on the average, 34 electron volts of energy are 
transferred (or absorbed) in the process of forming each ion pair 
in air. Thus the total energy absorbed is: 


ere 1.61x10'2 fompairs | 25 48x 10! ev/gram 
ion pair gram 


Or, if one wished to express this energy in ergs rather than electron volts: 


5.48 x 101° oa | E 602x 10 17258 | = 87 ergs/gram 
gram ev 


And since 100 ergs/gram is 1 rad, then one roentgen of exposure dose 
to a specific volume of air at standard conditions results in the absorbed 
dose of 0. 87 rad. 
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IV, RELATIVE BIOLOGICAL EFFECTIVENESS”) 


Although all ionizing radiations are capable of producing similar 
biological effects, the absorbed dose, measured in rads, which will 
produce a certain effect may vary appreciably from one type of radiation 
to another, The difference in behavior, in this connection, is expressed 
by means of a quantity called the "relative biological effectiveness" (or 
RBE) of the particular nuclear radiation. The RBE of a given radiation 
may be defined as the ratio of the absorbed dose (rads) of gamma 
radiation (of a specified energy) to the absorbed dose of the given radiation 
required to produce the same biological effect. Thus if an absorbed 
dose of 0. 2 rad of slow neutron radiation produces the same biological 
effect as an absorbed dose of 1 rad of gamma radiation, the RBE for 
slow neutrons would be: 

1 rad 


ABE“ Q.2rad 


The value of the RBE for a particular type of nuclear radiation depends 
upon several factors, such as the energy of the radiation, the kind 

and degree of the biological damage, and the nature of the organisms or 
tissue under consideration, Typical values of the RBE for radiations 
of several types are given in Table I. 


TABLE I 


Relative Biological Effectiveness for Radiations of Different Types 











Radiation | RBE 
X- or gamma 1 
Beta 1 
Proton 10 
Alpha 10 
Fast Neutron 10 
Slow Neutron 3 


V. THE REM 


With the concept of the RBE in mind, it is now useful to introduce another 
unit, known as the "rem," an abbreviation of "roentgen equivalent man. " 


Units of Radiation Dose 


The rad is a convenient unit for expressing energy absorption, but it does 


‘not take into account the biological effect of the particular nuclear 


radiation absorbed. The rem, however, which is defined by: 
Dose in rems ® RBE X Dose in rads, 


provides an indication of the extent of biological injury (of a given type) 
that would result from the absorption of nuclear radiation. Thus, the 
rem is a unit of biological dose, 


As may be seen in Table I, the RBE for gamma rays is approximately 
unity. (It does vary somewhat, however, with the energy of the 
radiation.) Thus in general, for gamma radiation, the biological dose 
in rems is numerically equal to the absorbed dose in rads; it is also 
roughly equal to the exposure dose in roentgens. 
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BIOLOGICAL EFFECTS OF IONIZING RADIATION 


INTRODUCTION 


The fact that ionizing radiation produces biological damage has been 
known for many years, The first case of human injury was reported in 
the literature just a few months following Roentgen's original paper in 
1895 announcing the discovery of x-rays, As early as 1902, the first 
case of x-ray induced cancer was reported in the literature. 


In discussing the biological effects of radiation, it is important to re- 
cognize certain basic facts: 


A. The biological effects observed for one type of radiation can be pro- 
duced by any other type of radiation, This is important since ex- 
perience gained with x-ray effects can therefore be applied to other 
types of ionizing radiation. 


B. The amount of energy required to produce marked effects on tissue is 
extremely small. For example, a fatal radiation dose (600 r) would 
produce in the human body: 

1. A temperature rise in the order of 0.0019C 


2. Ionization of only about 1 atom in each 100 million (1/ 10°) 


C. With the single exception of the very infrequent beneficial mutations, 
radiation is always damaging to the cell or tissue. "Stimulating 
doses" are never observed; those effects which appear stimulating 
are either a reaction to the injury or destruction of inhibitory sub- 
stances resulting in increased growth of the now uninhibited tissue, 


SEQUENTIAL PATTERN OF BIOLOGICAL EFFECTS 


For short-period exposures, observed biological effects usually follow a 


. sequential pattern. For protracted-type exposure, these effects occur 


simultaneously and may not be observed, In general, the sequence of 
events following radiation exposure may be classified as follows: 


A. Latent Period 
Following the initial radiation event, and before the first detectable 
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effect occurs, there is atime lag. This period, referred to as the 
latent period, merely represents the time interval until one is able 
to detect damage. There is a vast time range in the latent period. 

In fact, the biological effects of radiation are arbitrarily divided 

into acute and long-term effects on the basis of the latent period. 
Those effects which appear within a matter of minutes, days, or 
weeks are called acute effects and those which appear years, de- 
cades, and sometimes generations later are called long-term effects. 


In many cases, this latent period may be attributed to the inter- 
dependence of the cells, tissues, and organs of the body. On the 
cellular level, it is the consequence of the interdependence of the 
cellular constituents, Thus, inactivation of the enzymes, denatur- 
ation of essential proteins, alteration of colloidal properties, or 
changes in protoplasmic viscosity may each or all together result 
in demonstrable effects. 


One theory regarding the latent period is that cells must recover from 
mitotic inhibition caused by irradiation, then on entering mitosis, they 
die from the severe chromosomal damage resulting directly or indi- 
rectly from radiation. 


Generally speaking, the larger the dose the earlier is the appearance 
of injury. In actual practice where, barring accidents or gross negli- 
gence, the doses are small, the latent period for some of the effects 
may be very long (25 years or more). 


Period of Demonstrahble Effects on Cells and Tissues 


During or immediately following the "latent period", certain discrete 
effects can be observed by microscopic examination of tissues or by 
less direct physical methods. One of the phenomena that is observed 
most frequently in growing tissues exposed to radiation is the cessa- 
tion of mitosis or cell division. This may be temporary or permanent, 
depending upon the radiation dosage. Other effects observed are chro- 
mosome. breaks, clumping of chromatin, formation of giant cells or 
other abnormal mitosis, increased granularity of cytoplasm, changes 
in staining characteristics, changes in motility, ciliary activity, cytoly - 
sis, vacuolization, altered viscosity of protoplasm, and altered per- 
meability of the cell wall. 


It is likely that these represent only a fraction of the cellular effects 
that occur, and it should be pointed out that many of these effects can 
be duplicated individually with other types of stimuli. However, the 
entire gamut of effects cannot be reproduced by any single chemical 
agent, (It is interesting to note that a group of chemical agents that 
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come close to duplicating radiation effects are the nitrogen mustards). 


Recovery Period 


Following exposure to radiation, recovery can and does take place 

to a certain extent, This is particularly manifest in the case of the 
acute effects, i.e., those appearing within a matter of days or weeks 
after exposure. Thereis, however, a residual damage from which 
no recovery occurs. This is the basis of the long-term effects. 


The healing préctess may be one of replacement of damaged tissue or 
one of recuperation of injured cells. The process of healing by re- 
placement is well known and is the primary mode of recovery of tissue 
injured by mechanical means. Recovery due to recuperation of the 
individual cells is less apparent; however, it has been shown to occur. 
For example, if a dose of 700 r is administered to a tissue in one hour, 
for an equivalent injury by two doses administered 24 hours apart, 535 
r per dose is required. This means that during 24 hours, recovery 
overcame the effect of 370 r (2X 535 r= 700 r). In this case, the 

time period is so short that recovery by replacement is ruled out. 


The distinction between replacement and recuperation is of little value 
in practice; it is their net result that is usually intended when "re- 
covery'' is mentioned in common usage. 


Ill, DETERMINANTS OF BIOLOGICAL EFFECTS 


A. 


EFFECT 


Total Amount of Radiation Absorbed 


Dosage" is synonymous with amount of radiation absorbed. As with 
most pharmacological agents, there is a quantitative relationship be- 
tween the extent of damage and the dosage. If we plot dose versus 

effect for various tissues, there are, in general, two forms in which 


the graph may appear. 


A EFFECT B 
DOSE DOSE 
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Curve A illustrates the common type of biological response to most 
physical and chemical agents. Here the effect is not measurable 

until a certain minimum or threshold dose is exceeded. The re- 
sultant curve is not linear but generally approaches an S shape. The 
majority of the acute effects of radiation are thought to be of this type. 
It may be, however, that as more delicate means are found to meas- 
ure effects, more of them will be seen to be of the 'non-threshold" 
type. | 


Curve B represents the ''non-threshold" case in which a linear re- 
lationship exists between a dose and effect. A minimum dosage is 
not required to produce an effect and furthermore, any given dosage 
in this case produces the same effect regardless of any previous 
dosage. It is well established that the genetic effects of radiation 
follow this type of dose effect curve. Considerable evidence is ac- 
cumulating that the life span shortening and possibly even the car- 
cinogenic effect also follow this "non-threshold" type dose effect 
curve, 


The implications of these two types of curves in the establishment of 
maximum permissible limits of exposure are of tremendous im- 
portance. In the case of an agent which follows curve A, or the 
threshold type, the establishment of the maximum permissible ex- 
posure limit is a simple matter; one sets the level at the maximum 
dose at which no effect occurs. However, with an agent which 
follows the straight line or non-threshold type of dose effect curve, 
the problem is enormously more complex. It is no longer possible 
to set a limit at which no effect will appear since no such limit 
exists except zero, or no exposure at all. 


The total amount of radiation absorbed in a tissue is a function of 
many variables, including the type of radiation, energy of the radi- 
ation and substance being irradiated. In most biological application, 
alpha and beta radiation will be completely absorbed by a tissue, 
while x -rays and gamma rays are only partially absorbed. In general, 
for a given type of radiation, the greater the energy, the greater the 
penetration, However, for different types of radiation, there may be 
a wide variation in the depth of penetration (e.g., a 250 KV x -radi- 
ation is much more penetrating than a 3 MEV alpha radiation). 
Generally, the range of a given radiation is inversely proportional 

to the density of the absorbing material. 


Rate of Ab sorption 


The rate at which the radiation is administered or absorbed is most 
important in the determination of what effects will occur. Since a 
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considerable degree of recovery occurs from the acute effects of radi- 
ation, a given total dose will produce less of an acute effect if divided 
than as if it were given in a single exposure. With many of the long- 
term effects, however, since recovery does not occur, rate of ab- 
sorption is probably not important. 


On the basis of the rate of absorption, exposures to radiation are ar- 
bitrarily divided into acute exposures (those received over a relatively 
short space of time, i.e., hours or days) and protracted exposures 
(continual exposures to relatively small doses over a long Epace of 
time). 


Area ee 


Ordinarily when reference is being made to dosage or exposure, such 
aS maximum permissible level of exposure or median lethal dose, it 
is assumed to mean dosage delivered to the whole body. The qualifi- 
cation of whole body radiation is important. Large doses of radiation 
can:be applied to local areas (as in therapy) with little danger, but are 
lethal if applied to the whole body. For example, a person could ex- 
pose a finger to 1000 r and experience little effect except localized 
injury to the finger, with subsequent healing and scar formation; if 
the same dosage were delivered to the entire body, it would prove > 
fatal, There is evidence that the hematopoietic organs (the blood 
forming organs such as thespleen, bone marrow, etc.) are the most 
radiosensitive organs when the whole body is irradiated and that any 
protection of these organs from exposure materially lessens the 
whole body effect. 


species and Individual Variability 


Different species show a wide variation in response to identical ex- 
posures of radiation. An example of this variation can be seen in 

the respective median lethal dose (MLD) for animals exposed to 200 
KV x-rays; mice, 500 r; guinea pigs, 250 r; man 450 r; rabbits, 875 r. 
There is also considerable variation in response within a species, 

Two strains within the same species may vary as much as 50% in 

their respective MLD's. 


This individual variability is not a unique characteristic of ionizing ra- 
diation, It occurs in most cases where a physiological stimulant of 
any type (physical, chemical, or biological) is similarly used. 


Relative Sensitivity of Cells and Tissues 


Apparently the wide variation between species is in some way associ- 
ated with the overall metabolism of the individual species, for 
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regardless of the species involved, the histological changes reflect 
the dose fairly accurately, For example, if 250 r of 200 KV x-rays 
were given to guinea pigs and rabbits, approximately the same histo- 
logical changes would be evident in the respective tissues of both 
species even though this dose of radiation would kill 50% of the guinea 
pigs but would only produce a mild illness in the rabbit. 


In general, the relative sensitivity of various cells and tissues is the 
Same in the various mammals which have been studied.: However, 
under identical exposure conditions, the different types of cells and 
tissues will exhibit marked differences in their response to a given 
radiation dosage, It appears that not all cells and tissues are equally 
sensitive or vulnerable to radiation. There are several generali- 
zations which permit us to predict the degree of radiosensitivity of a 
particular type cell or tissue. The more rapidly growing and active 
cells tend to be the more radiosensitive in a given tissue. The tissues 
and cells which are less specialized or less differentiated tend to be 
more vulnerable to radiation. In general, the nucleus of a cell is 
more radiosensitive than the cytoplasm; hence, a large cell with 
much cytoplasm is not nearly as affected as one with proportionately 
more nuclear material, Experimental observations for the most 
part substantiate these generalizations, On the basis of these gener- 
alizations, the following may be accepted as a list of common cells 
and/or tissues in decreasing order of radiosensitivity: 


1. The very sensitive lymphoid tissue, particularly lymphocytes 
2. Immature blood cells found in bone marrow 

3. Cells lining gastro-intestinal canal 

4. Cells of the gonads; testes more sensitive than ovaries 

D9. okin, particularly the portion around the hair follicles 

6. Endothelial cells - blood vessels and peritoneum 

t Epithelium of liver and adrenal 


8, Other tissues - including bone, muscle and nerves in that order. 


It must be emphasized that very young or growing tissues are appreci- 
ably more sensitive to radiation than adult or quiescent tissues. This 
obviously has important implications in the establishment of maximum 
exposure limits. 
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F,. Other Factors 


In addition to the factors discussed, there are others both intrinsic 
and extrinsic which mediate the degree of radiation effect, Among 


these may be listed the state of nutrition, oxygen tension and meta- 
bolic rate. Other such factors will undoubtedly be discovered as more 
work is done. : 


IV. CLINICALLY OBSERVED EFFECTS 


A, Acute Effects 


1. 
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"Radiation Sickness" is a term used to denote the sympton complex 
occurring in patients undergoing radiation therapy. Characteristics 
include nausea, vomiting, anorexia (loss of appetite), weight loss, 
fever, and intestinal hemorrhage, and are usually most severe fol- 
lowing irradiation over the abdomen, 


"Acute Radiation Syndrome" is that sympton complex occurring 
from exposure of the entire body, or a major portion thereof, to 
a large dose of radiation in a short period of time. The Annals 

of Internal Medicine for February, 1952, devotes the entire issue 
to case histories and a carefully detailed study of the accidental 
exposure of nine men to a large dose of radiation. The probable 
early effects of whole body acute radiation doses can be summar- 
ized briefly as follows: 


Acute Dose Probable Effect 


0-252 5.4, 6 45-46- ee % No obvious injury 


25 -50 cee eee eo Possible blood changes but no 
serious injury 


DOFIO0: 2..& 6-5-6 A es Blood cell changes, some injury, 
no disability 


100-200 ......... Injury, possible disability 


200-400 ... wwe we Injury and disability certain, death 
possible 


BOO: ve. oe bee Sw) Se ewe S Fatal to 50 percent 


600 or more. ....ee Fatal 


- The systematic response of the irradiated individual is due to 


(1) toxic products given off by damaged tissues and (2) disturbances 
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in organ function produced more directly by radiation. Under 
the latter heading, we might include (a) disruption of the pro- 


' duction of granulocytes (white blood cells) by bone marrow and 


(b) the breakdown of the intestinal barrier by damage to epi- 
thelium. 


Factors in systematic response which are secondary to organ in- 
jury are: bacterial invasion, dehydration and malnutrition. Wide- 
spread destruction of tissue throughout the body is the result. 


If an individual recovers from the acute effects of radiation, sever- 
al long-term effects may become manifest at a later time. 


B. Long-Term Effects 


The long-term effects of radiation may occur as a result of either 
acute or protracted exposure. Since protracted exposures are the 
type most likely to be seen in the peacetime situation, and since 
acute effects are not likely to be seen with these protracted ex- 
posures, the long-term effects of protracted exposures are of the 
greatest importance. 


1. 


2. 


Carcinogenesis - In some manner, as yet not understood, radiation 
exposure increases the incidence of certain types of cancer in man. 
The earliest evidence of this was the occurrence of skin cancer 

at the site of repeated x-ray burns among the early x-ray work- 
ers. Since then, other relationships between radiation exposure 
and cancer incidence have been demonstrated; among these are the 
occurrence of bone tumors among the early radium watch dial 
painters, the increased incidence of leukemia among physicians 
using x-ray and among the Japanese survivors at Hiroshima, the 
increased incidence of thyroid cancers and leukema in certain 
patients treated with therapeutic x-rays, and others. The mecha- 
nism of this action is not understood, although several hypo- 
theses have been advanced. Repeated radiation damage and re- 
pair seems to account for some cases, whereas in others, the 
occurrence of somatic cell mutations seems an attractive hypo- 
thesis, Whether there is a threshold for this phenomenon has 

not been established. 


Life-Span Shortening - Extensive animal data has established that 
radiation exposure produces an acceleration of the aging process 
resulting in a non-specific shortening of the life-span. This effect 
is quite apart from the production of any specific disease entities; 
the animal simply ages faster and dies sooner from causes indis- 
tinguishable from those of the non-irradiated animals. Recent 
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evidence in the literature suggests that this effect may be occur- 
ring in man. The animal data has shown, on the average, about 

a 7% shortening of life-span per 1000 r of total radiation dose with 
apparently no threshold. In contrast to certain other radiation 
effects, this phenomenon seems to be quantitatively species in- 
dependent, . 


Production of Genetic Mutations - In 1927, Muller reported that 
radiation exposure increases the rate of genetic mutations in the 
fruit fly. Since then, this work has been confirmed in other spe- 
cies. Most recently, the Russells at Oak Ridge have shown that 
this mutagenic effect appears to be some 10 times greater in the 
mouse than in the fruit fly for a given dose of radiation. 


Genetic mutations have of course been occurring ever since life 
appeared on this planet. In fact, the process of evolution occur- 
red through genetic mutations and natural selection. When natur- 
al selection occurs without interference, the undesirable muta- 
tions, which are the overwhelming majority, tend to die out, 
while the very small number of desirable mutations tend, over a 
long space of time, to increase in numbers, Today, however, in 
the human race natural selection is no longer going on in an un- 
restrained fashion. The whole process of civilization has tended 
to reduce natural selection and preserve the undesirable muta- 
tions which occur, Therefore, in man at the present, an increase 
in the rate of genetic mutations can only result in an increase in 
the load of undesirable mutations and a consequent reduction in 
biological fitness of the race. | 


The evidence is well established that there is no threshold for the 
genetic effects of radiation. Any dose of radiation is accompan- 
ied by the production of mutations, and the number of mutations 
produced is proportional to the dose, Thus, in terms of the gen- 
etic effects, there is no such thing as a tolerance of safe dose 

of radiation. 


Embryological and Developmental Effects - Closely related to 


genetic effects are certain embryological and developmental ef- 
fects which occur as the result of direct exposure of the gamete, 
zygote or the developing organism, or may occur from an expo- 
sure of the pregnant mother without directly exposing the fetus, 


It has been determined on numerous occasions, that therapeutic 
doses of radiation delivered to a pregnant woman can produce 
death of the fetus or result in the birth of an abnormal child. Re- 
cent work with laboratory animals indicates that a wide range of 

\ 


Biological Effects of Ionizing Radiation 


abnormalities can be produced, varying from barely detectable 
and localized abnormalities to obvious and extensive ones. In 
general, a fetus older than what is analagous to the six-week 
gestation period in humans appears to be much less sensitive, 
The degree of abnormality varies roughly in a direct manner 
with dosage and exposure time, It has not yet been definitely 
established whether a minimum threshold dose is required to 
produce these developmental effects. 


5. Other Effects 


(a) Effects of fertility - Radiation is capable of reducing fertility, 
the amount of reduction being dependent upon the dose, Thus 
one can observe a range of effects from a decrease in fer- 
tility to permanent sterility, In the peacetime situation, _ 
dosages will probably not be sufficient to produce sterility, 
either temporary or permanent, Whether or not there will 
be some decrease in fertility will, in all probability, not be 
evident, since the present relatively small birth rate is de- 
pendent upon factors other than fertility. 


(b) Cataract induction - Irradiation of the eye has been shown to 
result in cataract (lenticular opacity) formation, which ap- 
pears after an irradiation by x-rays, gamma rays or neu- 
trons, 
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EFFECTS OF RADIATION ON LIVING TISSUE AND 
CHEMICAL STRUCTURES 


Whether from external or internal sources, the basic effect of ionizing radia- 
tion is the same as far as each cell, or chemical unit is concerned. That effect 
is either IONIZATION or it may be EXCITATION. 


RADIATION IMPINGING UPON CHEMICAL STRUCTURES (MOLECULES AND 
ATOMS) CAUSES EITHER IONIZATION OR EXCITATION; THIS IN TURN CAUSES 
CHEMICAL CHANGES IN THOSE MOLECULES. THIS CHANGE (OR CHAIN OF 
REACTIONS) WILL ULTIMATELY CAUSE BIOLOGICAL DAMAGE, 


IONIZATION is the dissociation of an atom into positive and negative ions through 
the influence of "ionizing'’ radiation. These ions are in actuality free radical 
ions and as such have a great reactivity and readily combine with other chemicals. 


In EXCITATION of the atom or molecule, the impinging radiation is absorbed by 
that atom or molecule. There is no production of ion pairs, but the energy level 
of the molecule is raised and the molecule may breakdown to form other mole- 
cules. : 


These mechanisms combine to damage the cell by one or both of two effects: 


A. DIRECT ACTION - radiation (particle or wave) can strike the nucleus 
or pass through the molecule and thus cause it to undergo change. This 
is also known as the TARGET THEORY. 


B. INDIRECT ACTION - the molecule studied does not absorb the energy 
directly, but receives this indirectly by transfer from another molecule. 
Or the action of radiation can manufacture reactive groups of atoms that 
pass through the cell wall and may react with enzyme systems or with 
other vital chemical groups such as the macro-molecules. 


Direct action usually brings about drastic changes of the molecule, while indirect 
action involves a free radical which can either add on to the molecule or abstract 
from the molecule an atom or chemical group. 


Reaction with small molecules such as vitamins, essential growth factors, en- 
zymes, steroids, or sulfhydryl compounds could not bring about the observed 
biological changes as only a small part of the available material would possibly 
be affected. The primary process is therefore likely to be reaction with vital 
macro-molecules where a change in just one atom could result in the inactivation 
of a structure containing hundreds of thousands of atoms. Of course a direct hit 
on a molecule of the gene or chromosome system could cause genetic damage or 
change. 
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The cell, representing the biologic unit of life, 1s a multiplicity of molecules 
of various substances such as water, protein, fats, carbohydrates, etc. Itis 
estimated that a single cell has from one to ten billions of molecules in active 
motion. 


Death of a multi-cellular organism will occur, it is estimated, when 
1/10,000,000 of the molecules have become affected through whole-body irra- 
diation. | 


ONE OF THE MOST CHARACTERISTIC FEATURES OF RADIATION BIOLOGY 
IS THE EXTREMELY SMALL AMOUNT OF ENERGY REQUIRED TO BRING 
ABOUT MAJOR CHANGE. For example, a dose of x-ray sufficient to kill a 
person, say 600 r whole body radiation, would raise the body temperature only 
0.001 C, evenif all the energy were converted to heat and none to chemical 
change. Actually, we raise the temperature of our body more than that when 
we climb a flight of stairs. 


The factors influencing the radiosensitivity of cells and tissues could be stated 
as: 


A. The mitotic activity: In multicellular organisms, cells that actively 
divide are generally more radio-sensitive than cells that do not divide. 


B. The degree of differentiation. 


THE SENSITIVITY OF CELLS TO RADIATION IS IN DIRECT PROPOR- 
TION TO THEIR REPRODUCTIVE ACTIVITY AND INVERSELY PRO- 
PORTIONAL TO THEIR DEGREE OF DIFFERENTIATION. 


C. The metabolism ofthe cell. Increased cellular metabolism, or in- 
creased oxygen utilization, is accompanied by an increase in radio- 
sensitivity. 


Various charts list the radiosensitivity of tissues; usually starting with lympho- 
cytes at the top, granulocytes, epithelial cells, endothelial cells, connective 
tissue, bone, muscle, and nerve. 


This can be varied somewhat depending upon the age of the tissue or of the or- 
ganism; in the very young, in the embryo, the nerve cells seem to be more sen- 
Sitive than the other cells; but the lymphocytes usually rank at the top as the 
most sensitive and next are the cells making up the gastro-intestinal tract. 


Now what are the changes in the vital function of cells following irradiation? 
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MOTILITY may be restricted, suppressed, or remain unchanged. 


REPRODUCTIVE POWER may be restricted or suppressed. Some- 
times irradiation stops mitoses, in other instances irradiation re- 
sults in abnormal mitoses. 


GROWTH may be restricted or suppressed. The effect on growth 
usually becomes manifest after a latent period. 


METABOLISM. Fatty, mucoid, or amyloid degeneration may follow 
exposure to irradiation. The metabolism of the irradiated cell changes 
and approaches that of abnormal cells such as cancer cells. Results of 
experimental work in this field are somewhat contradictory, but this is 
probably due to the great variety of test organism used. 


PERMEABILITY: irradiated cells show a fluctuation of increased and 
decreased permeability. Some of the researchers believe that this is 
the reason for the profound effect from such a small amount of energy. 


SPECIFIC CELL FUNCTIONS, such as gland secretion, may be re- 
stricted or suppressed. 


The effect of nuclear radiations on living organisms depend upon several 
factors: 


A. TOTAL DOSE, That is, the amount of radiation energy absorbed. 


"Dosage" is synonymous with amount of radiation absorbed. There is 
a quantitative relationship between the extent of damage and the dosage. 
The modern concept is that for acute damage this follows a threshold 
effect curve, whereas for long-term effects, it follows a no-threshold 
curve. 


The total amount of radiation absorbed in a tissue is a function of many 
variables, including the type of radiation, energy of the radiation and 
substance being irradiated. 


B. RATE OF ABSORPTION. i.e., on whether it is acute or chronic. 


A skin exposure dose of 700 r of x-rays will cause a certain degree of 
erythema if administered locally to a small area over a period of 1 
hour. However, to produce the same apparent effect with two shorter 
treatments separated by an interval of 24 hours, each dose must be 
about 535 r, so that a total of 1,070 ris required. If the exposure is 
spread over a period of 1 month, the total dose may approach 2,000 r 
in order to cause the same degree of erythema. 
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In the majority of instances, however, the biological effect of a given 
total dose of radiation decreases as the rate of exposure decreases. 


AREA EXPOSED. If the above example of 700 r were given whole 
body rather than to a localized area, the patient receiving the radia- 
tion would die from acute radiation injury. 


SPECIES AND INDIVIDUAL VARIABILITY 
Individual species show a wide variation in response to identical radia- 


tion exposures, Two strains within the same species may vary as 
much as 50% in their respective MLD (median lethal dose). 


Radiation injuries can be divided into three general classes: 


A. 


The syndromes of whole body radiation injury which are produced by 
penetrating ionizing radiation, and which are dose dependent. (Dis- 
cussed in "Some Basic Concepts of the Acute Radiation Syndrome’). 


Superficial radiation burns produced by soft radiations (beta and low 
energy X- or gamma radiations). 


Radiation injury produced by the deposition of radioisotopes within the 
body. The clinical symptoms vary with the site and amount of deposi- 
tion. Usually these are long-term effects. 


Each of the above is associated with an early phase in which acute symptoms 
and signs may be observed, and a late phase in which chronic changes or mani- 
fesatations such as cancer may be observed. This early phase can be divided 
as follows: You have the exposure to radiation with possibly some immediate 
symptoms (erythema, itching, burning of the skin; nausea, vomiting), this is 
followed by a latent period inversely proportional fo the amount of exposure, 
followed by a secondary attack of symptoms. 


In summary: 


A. 


B. 


There is no amount of radiation too small to cause some damage. 


Radiation damage works through the atoms and molecules by ionization 
and excitation with subsequent chemical and biological changes. 


The sensitivity of cells to radiation is in direct proportion to their 
reproductive activity and inversely proportional to their degree of 
differentiation. | 
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D. One of the most characteristic features of radiation biology is the 
extremely small amount of energy required to bring about major 
change. 





This outline was prepared by Dr. Eugene van der Smissen, Research Branch, 
Division of Radiological Health, Washington, D.C. _ 


ACUTE RADIATION SYNDROME 
Clinical and Therapeutic 
Aspects 


I, INTRODUCTION... 


A. History 


The fact that ionizing radiation is capable of producing biological 
damage has been known to a limited extent for many years. Prior 

to the explosion of the atomic bomb in 1945, the cases of injury from 
radiation were primarily confined to those cases of x-ray irradiation 
and to those persons who worked closely with radium, such as the 
radium watch dial painters. We have learned about :radiation injury 
slowly and painfully. 


1895 - William Konrad Roentgen discovered x-ray 
1896 - First medical use of x-ray 


First x-ray burn reported, and the necessity for radiation 
protection was realized by some physicians. 


1898 - Isolation of radium 


1902 - First reports of skin cancers arising at sites of previous 
radiation burns 


First death due to radiation induced cancers 


1911 - First case of radiation induced leukemia described by Jagic, 
Schwartz and Siebenrock 


1912 - Textbook on diagnosis and therapy stressed the importance 
of avoiding the unnecessary exposure. X-rays could pro- 
duce sterility recognized. 


World War I - Radium dial painters. The classical studies show results 
of such exposure did not appear for a considerable length ~ 
of time after initial exposure. Bone cancer induced by ra- 

. diation. 
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1923 


1927 


1945 


1958 


More than 100 radiologists had died as victims of radiation 


Genetic mutations produced by x-ray. By this time, more 
than 120 articles had been written on radiation protection. 


Since 1945, much has been written about the Acute Radiation 
Syndrome. 


Life span shortening effects have been known for almost 15 
years. 


B. Basic Radiations 


Basic radiation can be divided into two phases; 1) particulate radia- 
tion, and 2) wave-form radiation. Under particulate radiation, we 
have alpha, beta and neutrons; and under the wave-form radiation, 
we find the x-ray and the gamma ray. 


1. Particulate 


a. 


BETA - high speed electrons - penetrate skin 1-1.5 cm - 
negative charged particles - produce "beta burns" 





ALPHA - heavy particles - helium nuclei - intensely 
ionizing - positive charge - penetrate skin 0.03 mm - 
an internal rather than external hazard. 


NEUTRONS - no charge - ionization by means of secondary 
radiation only - may cause neutron activation of body tissues 
and fluids - very penetrating - light elements (e.g. , hydrogen) 
make good shielding material for neutrons. 


2. Wave-form 


a. 


X-RAY - penetration varies with energy - logarithmic 
absorption curve - largest source of man-made radiation 
today - direct ionization - may cause systemic or local 
effect - electromagnetic waves - produced in the electron 
shell. 


GAMMA RAY - produced in the nucleus - similar to x-ray 


in characteristics - low ionization density - very penetrating - 
whole-body radiation may result in acute radiation syndrome - 
localized radiation may cause local effects. 
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C. Relative Biological Effectiveness (RBE) 


RBE = Absorbed dose (rads) or reference radiation (x or gamma) 


Absorbed dose (rads) of the radiation in question required 
to produce the same biological effect. 


Radiation RBE 
xX, or gamma 1 
beta 1 
proton 10 
alpha 10-20 
neutron 5-10 


II, RADIATION EFFECTS 


The basic effects of radiation have been described in previous lectures in 
this course. ONE OF THE MOST CHARACTERISTIC FEATURES OF RA- 
DIATION BIOLOGY IS THE EXTREMELY SMALL AMOUNT OF ENERGY 

REQUIRED TO BRING ABOUT MAJOR CHANGE. 





Whether from external or internal sources, the basic effect of ionizing 
radiation is the same as far as each cell, or each chemical unit is con- 
cerned. That effect is either ionization or it may be excitation. 


Ionizing radiation as an injurious agent is an insidious one. We have 
sensory receptors in our body to warn us of the presence of many of the 
injurious physical and chemical agents in our environment, but this is 
not the case with ionizing radiation. Only with the use of instruments 
can we determine the presence of dangerous levels of radiation in our en- 
vironment and take the necessary evasive action. The basic effect of 
ionizing radiation is at the cellular, or more specifically the molecular, 
level rather than at the total organism level. 


The effect of nuclear radiation on living organisms depends upon several 
factors: 1) species and individual variability, 2) the total dose absorb- 
ed, 3) the rate of absorption, 4) the area exposed to radiation, 5) the cri- 
tical organ or "target organ." 


In addition to these factors, there are others both intrinsic and extrinsic 
which mediate the degree of radiation effect. Among these may be listed 
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the state of nutrition, oxygen tension, and metabolic rate. Other such 
factors will undoubtedly be discovered as more work is done. 


There are two general methods of exposure to radiation which should be 
differentiated, namely, external and internal radiation. In this discus- 
sion, we will consider acute whole-body external radiation. In this, we 
will apply what has been discussed previously in regard to the biological 
effects of radiation. In some of the succeeding lectures, there will bea 
discussion of the effects of internal.radiation and also the long-term con- 
sequences of radiation. | 


ACUTE RADIATION SYNDROME 


Two entities are considered when one studies the problem of radiation in- 
jury. One, commonly called ''Radiation Disease, " is that entity which 
follows chronic exposure or exposure of a limited area of an individual to 
therapeutic x-ray or radioactivity; and the other, the one with which we 
are concerned in this lecture, is called the ''Acute Radiation Syndrome." 


The Acute Radiation Syndrome is that symptom complex occurring from 
the exposure of the entire body, or a major portion thereof, to a large 
dose of ionizing radiation in a short period of time. These symptoms in 


_ general appear first in the more radio-sensitive systems of the organism. 


There is no one symptom that is pathognomonic of radiation injury. 


The systemic response of the irradiated individual is 1) toxic products 
given off by damaged tissues and 2) disturbances in organ function pro- 
duced more directly by radiation. These effects are due to the basic un- 
derlying chemical and molecular changes. The disturbances in organ 
functions produced by radiation might include (a) disruption of the produc- 
tion of granulocytes (white blood cells) by bone and (b) the breakdown of 
the intestinal barrier by damage to epithelium. Factors in systemic re- 
sponse which are secondary to organ entries are: bacterial invasion, de- 
hydration and malnutrition. Widespread destruction of tissues throughout 
the body is the result. The systemic manifestation of cellular, molecular, 
and chemical changes due to ionizing radiation in acute, high-level dosages 
is what we see as the acute radiation syndrome complex. 


There are a number of phases in the acute radiation syndrome which are 
very Similar to the phases encountered in the general radiation effects. 
The manifestation of these various phases is dependent upon the dosage 
and the length of exposure, besides the other factors which we have men- 
tioned previously. 
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A brief outline of these phases of radiation effects are as follows: 


A. Early Phase 


1. 


2. 


Exposure to radiation 


Immediate symptoms 


a. 


Cc. 


Erythema, itching, burning of the skin, nausea, vomiting, 
CNS symptoms, symptoms resembling shock, fall in blood 
pressure, tachycardia (which varies directly with the amount 
of radiation absorbed), dyspnea, and death may ensue imme- 
diately. 


Time of onset inversely proportional to amount of exposure, 
and generally lasts 24-48 hours. 


There may be no immediate symptoms. 


Latent period 


a. 


b. 


Patient may feel well and feel able to do his normal work. . 


Inversely proportional to amount of exposure. May be days, 
2-3 weeks, or longer. 


B. Late Phase 


1. 


Secondary attack of symptoms 


ae 


b. 


The main part of the illness. 


Developing fever, diarrhea, epilation, hemorrhagic manifes- 
tations, ulceration, and CNS symptoms. 


Death, or prolonged convalescence 


a. 


Time of death inversely proportionalto amount of exposure, 
provided a sufficient exposure to cause death has been re- 
ceived. 


Less than lethal exposure. Symptoms depend upon dosage. 
Prolonged convalescence, or may never heal. Leads to 
chronic injury. 
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c. If an individual recovers from the acute effects of radiation, 
there is the probability that one or more chronic or long-term 
effects may become manifest at a later time. 


3. Late or long-term effects. There may be no antecedent apparent 
injury for long-term effects. 


a. Possible latent effects of radiation 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 


Adult cataracts 

Skin cancer 

Leukemia 

Aplastic anemia 

Other forms of cancer 
Developmental anomalies 
Sterility 

Life span shortening, and 
Genetic mutations. 


The syndrome of whole-body radiation injury is produced by penetrating 
ionizing radiation and is dependent upon dose and dose rate. 


The injury varies with: 


a. Dose rate 


THE INFLUENCE OF DOSE-RATE ON BIOLOGICAL EFFECT FOR EXTERNAL 


WHOLE-BODY RADIATION 


Duration of o0 r 100 - 300 r 400 r 800 r 
Exposure Accumulation Accumulation Accumulation Accumulation 
One Slight blood 100 r - first LD-50 dose LD-100 dose 
minute changes symptoms 
200 r -SD-50 
300 r-SD-100 
24 hrs. Effect reduced Effect reduced Effect reduced LD-50 


30 days 


50% 29% 90% 
No detectable Slight blood Slight blood Blood changes 
effect changes changes and symptoms 
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b. Total dose 


Dose (acute whole-body) Effect 
0 - 25.r —‘No apparent damage 
25 -. §0 r Begin to see blood changes 
80 - 120 r Vomiting in about 5 - 10% 
130 - 170 r SD-25 
180 = 220 r SD-50, nausea and vomiting. 
No deaths anticipated. 
270 - 330 r S$D-100, 3 months convalescence. 
LD-20/2 - 6 weeks. 
400 - 500 r LD-50/30 
550 ~ 750 r LD-100 (except for few rare sur- 
vivors) 
1,000 r Nausea and vomiting within 1 - 2 
hours. Probably no survivors. 
9,000 r CNS reaction causing incapacitation 
within 1-3 minutes. All dead within 
one week. 


The Acute Radiation Syndrome has three classical symptom groups: 


Group I - 


Group II - 


Group III - 


Very severe cases. LD-100 dosage, usually greater than 600 r. 
Recovery improbable. The primary type of acute radiation sick - 
ness. Usually CNS deaths, or very rapid GI or Hematopoietic 
death. 


Severe cases. Dosage about LD-50/30, or near 450 r. Clinical 
manifestations secondary to the effect of ionizing radiation on the 
hematopoietic system. Fatalities can be greatly reduced by proper 
therapy. 


Mild to moderate cases. Less than LD-50, probably 100 - 300 r 
total body exposure. No definite symptoms. 


Some authors believe that an acute dose of 200 r or more will prove fatal 
to humans, whereas others set the minimum at 300 r; obviously the greater 
the dosage the greater the percentage of fatality. 


aps 
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The acute radiation syndrome can be encountered in a number of situations: 
1) nuclear reactor accidents, 2) transport nuclear accidents, 3) miscella- 
neous nuclear accidents, and 4) nuclear warfare. What we shall describe 
today, although listed as acute radiation injury, is based primarily upon 
the expected effects of a nuclear war but it can be applied to any of the 
other situations of comparable dosages. 


At the higher levels of exposure, such as 5000 roentgens or more, we can 
expect incapacitation in 1-3 minutes and a central nervous system death in 
short order. As the exposure decreases, we can rely more and more on 

the symptomatic approach to diagnosis. In general, we can say ‘vomiting 


followed in quick order by fever, diarrhea, and leukopenia indicates prob- 


able fatal outcome within two weeks. Vomiting followed by an asymptomatic 


period of one to two weeks before recrudescence of the illness indicates a 
serious exposure but recovery is possible. No vomiting on the day of the 
exposure Suggests that exposure has probably been sub-lethal. If there is 
no leukopenia by the tenth day after the bombing, sub-lethal exposure is 
probable. "' 


The diagnosis of radiation injury is either extremely simple or extremely 
complex. In the first place, there is nothing that is specific for radiation 
injury. The early symptomotology of nausea, vomiting, weakness, changes 
in pulse rate and blood pressure are the same symptoms as occur with the 
onset of numerous intoxications and infectious diseases. The typical blood 
changes of leukopenia, thrombopenia, anemia, hemorrhage and aplastic 
marrow with concomitant bacterial infections are similar in many respects 
to the same sequence induced by chemical intoxication, by some infectious 


diseases, and by the idiopathic depression of the marrow of unknown causes. 


However, when the foregoing occur in close relationship to the known large 
exposure to ionizing radiation, the diagnosis of radiation injury is really 
quite simple. 


For the purposes of this discussion today, it appears reasonable to assume 
that an area of immediate interest to physicians is between the 100 and the 
1,000 rad levels. Above this level (1,000 rad) we are relatively helpless, 
and under this level (100 rad) we are almost unnecessary. The chronic 
effect of ionizing radiation is a different story and we will not go into that 
at this time. 


In the diagnosis of radiation injury between 100 and 1,000 rads, there are 
a number of factors which we must consider. 
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A. DOSIMETRY in total body irradiation . 


This is only of importance in an academic manner because the clinical 
aspects of the patient are far more important in judging the effect of 
the radiation upon the patient. We should treat the patient on the basis 
of clinical judgment rather than on expectancy following some juggling 
of figures and physical constants to determine an "exposure dose. "' 


In the absence of better estimates, however, it is probably unwise for 
a physician to base his therapy on such a sharp distinction between 
non-lethal and lethal doses as 450 roentgens or 600 roentgens or what- 
ever might currently be considered the LD-50 or LD-100. Many seri- 
ous radiation accidents may occur within this range. In many patients 
who receive adequate hospital care immediately after irradiation expo- 
sure, the LD-50 appears to be around 800 rads for the 30 to 60 day 
time limit. When the dose is much higher, more than 1,000 rads, death 
will certainly occur much earlier and the course of the disease appears 
to be much more severe. In this range, death seems to occur in about 
the same dose-time relationships as in the patients without hospital 
care. 


B. HEMATOLOGIC and other laboratory evaluation 


In the diagnosis of radiation injury, the physician must use not only his 
clinical judgment but also information from the laboratory. There is 
no single laboratory procedure which is diagnostic, but through a bat- 
tery of tests, the diagnosis can be suggested. Inthe procedures imme - 
diately after an accident occurs, there should be a determination of the 
presence of surface contamination, and suitable decontamination pro- 
cedures if it is present will obviously follow. Following this, a blood 
sample should be drawn for routine blood count and also for reticulo- 
cyte preparation. It is desirable to save about 15 milliliters of plasma 
prepared from heparinized blood. This should be frozen properly for 
later biochemical electrophoretic studies. At the same time, a sample 
of blood can be drawn for radioassay for sodium-24. It is probably 
preferable here to use heparinized blood and to assay the plasma. The 
patient should also be asked to empty his bladder, and the sample ob- 
tained should be labeled and saved. From then on, 24 hour urine sam- 
ples are indicated. . 


Total body counting may be valuable and informative if equipment is 


available, but much information can be obtained from the plasma assays 
mentioned previously, 
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Biochemical tests which seem to be of great interest or value are urine 
studies for beta-amino-isobutyric acid and taurine. Blood electrophor- 
etic studies may be of use and are of interest for research purposes. It 
is desirable to obtain electrolyte determimation shortly after the acci- 
dent so that therapy may be given for any later changes during the early 
phase of the radiation reaction. Thefollowing biochemical tests do not 
seem to show any great changes: urine nitrogen, creatine and creati- 
nine, blood glucose, NPN, cholesterol, uric acid, alpha-amino-nitrogen. 


Later laboratory tests may be of value in order to detect preclinical 
hemorrhage and also early infectious processes. In order to detect pre- 
clinical hemorrhage, it may be desirable to examine the urine daily for 
microscopic hematuria, especially after the platelets begin to reach low 
levels. Routine studies of the stool for occult blood are less helpful 
since dietary hemoglobin may give false positive tests unless the pa- 
tients are on a meat free diet. 


Accurate platelet counts, good bacteriology and antibiotic sensitivity 
studies may be important during the phase of bone marrow depression. 
Adequate blood and platelet transfusions as indicated by laboratory tests 
and clinical judgment. 


The hematologic details are among the best known laboratory tests of 
radiation damage. Among the changes which we look for would be those 
in the total white blood cell count, lymphocyte count, platelet count, 
reticulocyte count, and also changes in the bone marrow. In general, 
the peripheral blood count shows an early lymphocyte fall, followed by 
mild leukopenia for about 10 days, then a slight rise and following this 
a fall in platelets and leukocytes. 


Lymphocytes - The lymphocyte count by itself does not give much useful 
information in the first few hours after the radiation accident. If the 
depression does not gc down to very low levels during the first few days 
after the accident, it probably means that the dose of radiation was not 
in a lethal range. An increasing lymphocyte count after the first week 
is probably an exceptionally good prognostic sign. Conversely, a con- 
tinued low lymphocyte count does not always indicate poor prognosis. 


The total white blood count after the first few days invariably decreases; 
this decrease appears to be rapid and alarming for about a week. How- 
ever, this is a period in which observers have noted great fluctuations, 
or a leveling off of the decrease, which might be interpreted as the be- 
ginning of regeneration. This leveling off probably represents a mobil- 
ization of white cells into the peripheral blood and usually is without sig- 
nificance except that it might give the impression that the period of neu- 
trophil decline has ended. 
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The reticulocyte count is one of the best indicators that the patient is 
recovering. The reticulocytes may be absent for almost three or four 
weeks, and then any rise is a good sign. 


Platelets - The platelet count is the one diagnostic procedure that the 
clinical pathology laboratory must do frequently. There is some ques- 
tion about the existence of an initial mild increase in the number of 
platelets. However, the essential feature about the platelet count is 
that there is a continuing decrease that might start as late as a week or 
two after the accident. The platelet count is not an absolute indication 
of the onset of bleeding. It is, however, a good indication that this is 
the time at which the bleeding might begin. Usually the platelet count 
will not show a real recovery for many months after the accident. The 
platelet count is the best diagnostic sign in the late care of the acute 
radiation syndrome. Since there seems to be no other deficiency in the 
clotting mechanism, the administration of platelet-enriched material is 
the indicated therapy when bleeding is likely. 


It is expected that in any severe radiation accident a hematologist would 
be called in to do special bone marrow studies, serial differential counts, 
thymidine uptakes, mitotic indices, platelet counts, and other specific 
studies that are part of a good hematology review. 


C. VOMITING and GI Symptoms 


Below 100 rads exposure, this symptom occurs fairly late in the course 
of the disease, if it occurs at all. Above 800 rads, vomiting occurs 
quickly and may be severe. Between 100 and 800 rads, the symptom of 
vomiting is unreliable. _ 


True radiation vomiting usually disappears after the first week of symp- 
toms. From this we could say that vomiting is not the clinical sign that 
can be trusted beyond good clinical judgment. One should always be 
aware that there can be psychogenic vomiting, particularly if patients 
are in the same room with others who are vomiting. 


Gastro-intestinal symptoms occur in two phases. The first is related 
to the radiation itself and is manifest by nausea and vomiting; the second 
is the bacterial overgrowth from the intestinal tract due to reduction of 
body defenses. This is shown by sanguinous diarrhea and necrotizing 
ulcers. 
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ERYTHEMA 


Erythema is more closely related to "energy" than to "amount" of ra- 
diation. A fairly low dose of low energy radiation will produce ery- 
thema without producing any other symptoms. A large dose of high 
energy radiation may reproduce the same erythema but its primary 
effect is to produce other symptoms. This is due to the fact that low 
energy radiation is absorbed primarily at the level of the skin or slight- 
ly below whereas high energy radiation penetrates much deeper before 
being absorbed and producing its effect. Erythema is a hazardous sign 
upon which to base clinical judgments, however, if combined with se- 
vere vomiting and nausea and with a picture of decreasing lymphocyte 
count, it might indicate that the patient has been exposed to a very 
high dose of radiation. 


Body Temperature 


The observation of fever in a patient who has been exposed to radiation 
might be an exceeding bad sign. A fever that occurs early has been de- 
scribed only in very high doses of radiation. This was usually in the 
super-lethal range. A fever due to radiation exposure in the lethal and 
sub-lethal range usually occurs later and is not particularly informative. 
Usually the fever occurring in the sub-lethal and mid-lethal ranges is 
due to the beginning of bacterial infection rather than to the radiation 
complex. 


Fatigue 


One of the most important clinical symptoms after severe radiation in- 
jury is fatigue. It is a symptom that is difficult to describe and impos- 
sible to quantitate but it is obvious to an astute clinician. It is impos- 
sible to accurately characterize this fatigue, but it appears to occur in 
waves that run diagonally on the dose-time matrix. In the very high 
dose, the patient's fatigue may be severe; even to the extent of complete 
debilitation or coma. This severe fatigue is not properly the same as 
that described for shock. At lower doses, the patients described fatigue 
as a ''washed out" feeling; they tend to stress ''weakness" in the thighs. 
Fatigue must be correlated with and differentiated from the psychologi- 
cal effects of radiation. 


Psychological Effects 


One of the early effects of general accidents, and possibly also in ra- 
diation injury, is the fear of death. This initial fear results from the 
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accident itself. Shortly after this fear has subsided, there will bea 
psychological upset that is definitely related to the publicity on the 
accident. One of the peaks in the waves of fear that occur will be at 
the time that the patient first reads about the accident in the paper, 
the next wave of anxiety will be when the officials come in to discuss 
the accident and the third wave of anxiety will come at the time the 
patient's family comes to see him and makes a big fuss over him. 
Probably the most important feature in treating the psychological up- 
set is to see to it that the hospital is not turned into a zoo with every 
Tom, Dick, and Harry trying to see the unfortunate patient. 


Bleeding 


Bleeding may be a hazard of a few days duration during the fourth or 
fifth week after a serious radiation accident. Jt is almost invariably 
correlated with the disappearance of platelets from the circulating 
blood. It usually does not occur at less than a few hundred rads. It 
may not occur at medium doses unless something triggers the bleed- 
ing mechanism. 


Epilation 


With significant doses of radiation, epilation will suddenly occur on the 
seventeenth to twenty-first day. It appears that epilation does not occur 
at less than about 200 rads to the hair root. Permanent epilation does 
not occur until something in the neighborhood of 500-700 rads to the 
hair root has occurred. The real importance of epilation lies in its 
visibility. It will be noted by the patient and his friends; it will be sus- 
pected and looked for by the newspapers; and it will be the subject of 
Ominous rumors. It should be pointed out that epilation may occur quite 
suddenly. The patient may go to bed with a full head of hair and wake up 
in the morning with hair all over his pillow and bed and looking somewhat 
shaggy and bald. 


Hair shaft changes can be picked up at about 3 or 4 days after exposure 
and can be correlated with dose in doses over 100 rads. In examination 
of the hair shaft, a thinning of the shaft of the hair may be noted. This 
thinning occurred about the time of the radiation exposure. 


Sperm Count 
It appears that sperm counts of patients with doses of less than 100 rads 
return to normal faster than in patients with much higher doses. How- 


ever, this is not certain because there is very little known information 
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on the effect of radiation on sperm count. Radiation, except in lethal 
doses, does not seem to effect potency. In the sub-lethal range, pro- 
bably even at very low doses, it does induce temporary or permanent 
sterility depending on the dose level. 


Ill. TREATMENT OF RADIATION INJURIES 


To date there is no standard, specific treatment for acute radiation injury. 
Practically all drugs in the pharmacopoeia and all types of treatment known 
have at one time or another been proposed as therapy for acute radiation 
injury. Various vitamins, liver extracts, insulin, and other tissue extracts 
have been hailed as preventive or curative agents, but none have proved too 
successful as yet. Lacking a specific treatment, we must fall back on 
symptomatic therapy. 


On exposures of less than 100 r whole-body exposure, the patient may be 
treated on an out-patient basis. In peace-time, when there is only an 
occasional radiation injury to be treated, all patients with 100 r or more 
exposure should be hospitalized. In amass casualty situation, this figure 
will be raised considerably and will be based more on clinical judgment. 
Also in a mass casualty situation, patients with more than 1,000 r exposure 
will receive "expectant" therapy. This does not mean abandonment, but 
they receive lower priority for scarce medical items than those between 
100 and 1,000 r exposure. 


The basic principles of treatment are: (1) emergency care at the scene as 
indicated (treat as any other emergency injury until radiation damage can 
be evaluated), (2) hospitalization at 100 roentgens exposure or more, (3) 
proper fluid and electrolyte balance, (4) adequate, good nutrition, (5) seda- 
tion as indicated, (6) adequate rest (bed rest), (7) good supportive care, (8) 
whole-blood and platelet transfusions as indicated, and as treatment for 
hemorrhage and anemia, (9) antibiotics upon indication (selective use at the 
proper time), (10) bone marrow, either intravenously or intramedullary, 
as indicated, and (11) additional therapy for concomitant conditions such as 
burns or trauma. 


In the treatment of radiation injury on an individual basis, you can devote a 
much greater proportion of your time and resources than you would ona 
mass casualty basis. If you have only a few radiation patients such as 
might occur in a reactor accident, or some other peace-time nuclear acci- 
dent, you can treat each case individually. 
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In such a situation where there are only a few casualties, one can devote 
much more effort and resource to every individual casualty, however, 
when the casualties are measured in the millions and they have occurred 
almost simultaneously, one has a much different situation. Now one must 
be ''cold blooded" and go against ingrained medical ethics of treating the 
worst cases first. Ina situation like this, one must utilize his medical 
supplies and facilities so that they will do the greatest good for the great- 
est number of people. It is a situation where one cannot devote time and 
materials to save only one person while a hundred are dying that could be 
saved with the time and materials used fruitlessly on the single case. In 
such mass casualty situations, there enters the. concept of triage. 


This outline was prepared by Dr. Eugene van der Smissen, Research Branch, 
Division of Radiological Health, Washington, D.C. 
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THE GENETIC HAZARD OF IONIZING RADIATION 


Genetics and Congenital Malformations 


In this presentation we hope to 1) present a little basic groundwork in genetics, 
2) review a few of the animal experiments that relate to the field, and 3) pre- 
sent some of the material from human studies. We would recommend the bib- 
liography and reference list which is included in your syllabus as a beginning 
in your study of the genetic effects of radiation. One of the better reviews of 
the subject is that material reported at the First International Congress of Ra- 
diation Research which was held in August 1958 at Burlington, Vermont. The 
proceedings of this Congress are reported in Radiation Research Supplement 1, 
1959, 


I. INTRODUCTION 


The problem of radiation induced disease and radiation injury has been a 
burning question for a number of years. Much attention has been directed 
toward the immediate, acute effects of radiation; only recently have the 
long-term effects begun to be studied, particularly those related to inter- 
nal emitters and those related to the genetic effects. 


It has often been said that the hazards of using ionizing radiation must be 
weighed against the benefits to be derived. There are attendant hazards 
which must be recognized and evaluated lest the long-term damage out- 
weigh the short-term benefits. There are two areas in which this is par- 
ticularly true, 1) the irradiation of the gonads (germ cells) and 2) the ir- 
radiation of the embryo. 


Whenever tested, radiation has proven to be a mutagenic agent for a wide 
range of organisms, and man is hardly unique so this should also hold 
true for him. : 


Radiation can seemingly induce mutation proportional to a dose of radiation 
absorbed. It is also characteristic of the problem that a rare event is be- 
ing studied, and the situation is further complicated by the fact that the 
mutated gene can be recognized only through its action and this may not 
become apparent for generations. 


"A human being starts life with the fertilization of an egg cell by a sperm; 


his final state depends onthe net effect of the factors which influence his 
subsequent development, both antenatal and postnatal. "(3) 
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~ BASIC GENETICS 


The human body, or any animal body for that matter, is composed of 
from a few cells, to many millions of cells, depending upon the organism. 
Inside the cell is a nucleus containing loosely coiled, thread-like "chro- 
mosomes", (In the pre-division stage, these chromosomes have the 
appearance of dots rather than threads.) These chromosomes occur in 
pairs, in the human there are 23 pairs reported by some research insti- 
tutions and 24 pairs reported by other institutions. Each chromosome 
has approximately 1,000 "genes" arranged single file along its length. 


"Genes are the ultramicroscopic bodies which regulate the biochemical 
activities of living organisms. They are the templates upon which enzymes 
are formed. Each individual starts life equipped with a double set of genes, 
contributed equally by his mother through the egg cell and his father through 
the sperm; the genes thus occur in pairs, and the two members of each pair 
together regulate one particular biochemical process. (3) Thus, every 
hereditary trait is actually determined by a pair, or by several pairs of 
genes. ; | 


An individual who carries a pair of genes which tend to produce identical 
results is considered homozygous with regard to this pair of genes and 
the trait they determine. . 


The germ cells (gametes) from which life starts, contain only half the 
number of chromosomes of the adult animal. The union of two gametes, 
(i.e., sperm and ovum) re-establishes in the fertilized ovum the number 
of chromosomes characteristic for the somatic cells of the species. 


The reason for the gametes having only half the number of chromosomes 

of the mature cells is that a reduction division precedes the formation of 
the germ cells. The members of each chromosome pair separate and 

pass into two different mature germ cells, each of which contains half the 
chromosomes. These various sets of "half-chromosomes" (haploids) in 
the germ cells do not correspond to the original maternal or paternal sets. 
There is a free intermingling and segregation of maternal and paternal 
chromosomes during reduction division, and the various germ cells may 
contain all possible combinations in accord with the laws of chance. Though 
the chromosomes dissociate and segregate freely, certain genes are linked 
together by their common location on the same chromosome and tend to re- 
main together in inheritance. 
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As mentioned previously, a haploid sperm fertilizes a haploid ovum to 
re-establish the full number of chromosomes, Soon after fertilization, 
the egg divides into two living cells, but before division, the double set 

of genes is replicated, and one double set goes to each of the two daughter 
cells. The daughter cells grow and themselves later divide, and this 
process is repeated again and again to give rise ultimately to the many 
millions of cells which constitute the body of the adult individual. 


Before each cell division, the genes are replicated, so that each cell of 
the adult body has a double set of genes which should be identical with 
that in the fertilized egg. 


They would be identical if the gene replication process always operated 
accurately before cell division, and if the genes in each cell, once formed, 
always remained unaltered. But we know that faulty gene replication does 
sometimes occur; and also genes, once formed, are occasionally altered 
(or mutated) subsequently. Such mutations occur spontaneously in all liv- 
ing matter; they may also be induced by various mutagenic agents. A few 
of these mutagenic agents are heat, chemicals and ionizing radiation. It 
is this latter agent in which we are primarily interested. 


If a gene mutates in one of the cells of the developing individual, the part 
of the body to which that cell gives rise will be biochemically abnormal 
and may look abnormal. This can give rise to the congenital abnormalities 
to be discussed later. 


Mutation of the genes may occur also in cells giving rise to the reproduc- 
tive tissues. If it occurs in one of the cells which will later form an egg 
or sperm, and this subSequently gives rise to an individual, that individual 
will have the mutant gene in all his cells and may transmit it to his des- 
cendants, We all carry many mutant genes, they are the basis of heritable 
differences between individuals; conversely, genes held in common are the 
basis of most family resemblances. 


"A person who has a dominent abnormal trait is usually heterozygous. 
Such an individual has one dominant, pathologic gene (P) and one recessive 
normal gene (n) for the trait in question. 


The person shows the pathologic trait, since the abnormal gene expresses 
itself while the action of the normal one is Suppressed. Such an individual 
(Pn) usually marries a person who is free of the same pathologic trait and 
who has two normal recessive (nn) for the character in question, "' 


The Genetic Hazard of Ionizing Radiation 


By simple Mendalian law, their off-spring would be (Pn) (Pn) (nn) and 
(nn). 


Parents (Pn) (nn) 


Germ cells P on | n n 


Off-spring Vax 


We could also have the converse of this if the normal were dominant (n), 
and the pathologic were recessive (p). We could have two apparently 
"normal" parents with the off-spring showing the pathologic characteris- 
tics. 


Parents (Np) (Np) 
Germ cells N SH 
Off-spring NN*Np pN | 


*Shows the recessive pathologic trait. 


An interesting Situation arises if a homozygous person with a pathologic 
trait caused by recessive genes (pp) marries an apparently normal indivi- 
dual who is actually a heterozygous carrier of the same pathologic gene 
(Np). In this case, one-half of the children appear normal and the other 
half exhibit the pathologic trait. 


Parents (pp) (Np) 


Germ cells Veo : 

Off-spring NY pp Np > pp 
A gene or a combination of genes may lead to developmental defects in- 
compatible with life. Severe defects cause intra-uterine death and abor- 
tion; genes responsible for such prenatal deaths are called "lethal genes". 
Milder defects may be compatible with intra-uterine life, but cause death 
soon after birth. Genes responsible for such defects are called 'sub-lethal!’ 
Lethal genes may be either dominant or recessive. As arule, dominant 


lethal genes produce only slight effects in heterozygous persons, but may 
cause death inthe homozygous. | 
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Most of us image that mutations give rise to visible monstrosities, and 

that these would be evident within a few generations following the change 
in the hereditary material. However, this is not true, for the majority 
of mutations are not grossly detectable. 


More than 500 defects and diseases of man have been shown to be heredi- 
tary, and many more may in fact be so. Two to three percent of the 
world's population suffer from severe hereditary afflictions, and all of 
uS carry some recesSSive genes which an unfortunate mating may reveal 
in a child. 


These mutations arose in past generations as accidents of nature. At 
least one germ cell in twenty, if we may judge from fruit fly studies, 
carries a newly arisen natural mutation, besides many derived from 
earlier generations. So, even under relatively good conditions, most 
individuals bear the brunt of one or more of these hereditary weakness- 
es, that usually become more expressed as we grow older. For instance, 
one person may require Vitamin B-1 to keep fit, another may be unduly 
Subject to hay fever, rheumatism, or cancer; this one is near-sighted, 
and that one is by his natural idiosyncrasy unusually nervous, or diabetic, 
or tends to be anemic, or to have high blood pressure. 


To say that these deviations are negligible and that doubling their frequen- 
cy in the population would do no harm is simply irresponsible. 


"On the average, each harmful mutant gene, no matter how slight its usual 
effect, must cauSe a genetic death of some deScendant, inthe end. Yet,a 
given ailment may handicap a long succession of individuals, usually scat- 
tered sparsely through hundreds or even many thousands of years before it 
does make its kill. These are the most delayed action, biological, time 
bombs known, ''(10) 


Of all the delayed, or long-term radiation effects, genetic effects have re- 
ceived the most attention. They are also the effects which will have the 
most profound effect upon future generations. At present, essentially no 
human data are available in this area. The genetic effects have several 
unique features: 


A. There is uSually no healing of the damage. Some types of damage, 
particularly the chromosome breaks, may heal. 


B. The damage is transmitted to descendants. 


The Genetic Hazard of Tonizing Radiation 


C. The damage is hidden for a long time before it becomes manifest. 
The earliest that mutants can express themselves is in the first gen- 
eration following mutation. However, for the many recessive types 
of mutations, it may take a much longer period of random breeding 
before the mutant becomes manifest.. 


D. There is no threshold dose for genetic change. 


Most mutations affect the inner physiological processes or features of the 
body chemistry, and so cannot be detected without special study. Probab- 
ly most of these changes simply consist in weakening the degree of activi- 
ty of some chemical process that is occurring normally in the body, thus 
making it more prone to one or another ill, when the body is subjected to 
difficult conditions of living that a normal individual would usually be able 
to withstand, For this reason, the mutation may be very difficult to re- 
cognize as such. Another thing that hinders our finding them, is that most 
of them are of the type that we call recessive; in these cases, an individual 
does not show the mutant characteristics unless he has inherited the same 
kind of mutant gene from both his parents. Otherwise, the original or so- 
called "normal" type of gene, which he got from the non-mutated parent, 
has a dominant effect in deciding what trait he himself will exhibit. Although 
he does not show the new gene, he will nevertheless carry it and will trans- 
mit it to his descendents. As it may be as much as one hundred generations 
before two individuals happen to come together as parents, both of whom 
have inherited that same kind of mutant gene, there may be no opportunity 
provided in all that length of time for the mutant characteristic to become 
physical. 


In current estimates of the genetic hazard of ionizing radiation, four im- 
portant assumptions are made:(1) 


A. That the spectrum of radiation induced mutation is similar to the 
spectrum of spontaneous mutation. 


B. That a dose of about 30-80 rads induce as much mutation as occurred 
spontaneously per generation. (i.e., a doubling dose). 


Mutations occur at a very low rate in all animals without any apparent ex- 
ternal cause. These are called "spontaneous mutations" and the rate is 
the natural mutation rate. 

In late 1956, reports of the spontaneous rate from three different sets of 


human data gave a value of 6 to 15 x 10-5 mutations per roentgen per gene. 
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Extrapolating from this and from animal data, we find a figure of approx- 
imately 25 roentgens as the gonadal dose needed to double the mutation 
rate in humans. Researchers suggest that this value is 50% low and there- 
fore they double the value to 50 roentgens. Various other estimates from 
other animal and human data range from 5 r to 150 r as the genetic muta- 
tion doubling dose of ionizing radiation. The most estimates fall in the 
range of 30 to 80 r, with the 50 r as the average. 


C. That the mutagenic effects in a given radiation dose to the gonads is 
dependent on dose rate, 


D. That the relationship of mutation rate to accumulated dose is linear. 


DOSE - EFFECT RELATIONSHIPS 


The acute effect dose-relationship is that of a threshold type curve. Below 
a certain expoSure there are no apparent acute effects, and as one exceeds 
this "threshold" there is a rapid increase in effects. Acute effects are 
those which appear in a matter of hours, days or weeks. 






Acute Injury Curve 


Threshold 





Dose 


Death of germ cells and chromosome Structural changes are brought about 
particularly by acute heavy radiation dosage. It is the repeated small ex- 
posures to radiation, such as occur in medical radiology, occupational ha- 
zards and the delayed fallout of nuclear weapons, which are in the main, 
important from the genetic viewpoint; for these repeated expoSures cause 
gene mutation. 


There is no known threshold for gene mutation, That is to say, any expo- 
Sure, no matter how small, must be expected to raise the mutation rate. 
This effect of radiation is also known to be cumulative. 
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Long-term Effect Curve 
a | 


a 
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Biological Effect 


ee No Threshold 





Dose 


"With only fragmentary information about man, it is prudent to seek hints 
from other organisms; and wherever sufficiently extensive studies have 
been made, variation has been found in the mutability of the genetic ma- 
terial. 


In the long-term effects, there is no "threshold" below which biological 
effects do not appear. Any amount of ionizing radiation can cause some 
amount of damage when all types of injury are considered. The linearity 
of this no-threshold curve has been established from near 2.5 roentgens 
exposure to almost 5,000 roentgens exposure for genetic mutation effects. 
Mast of this data has been on plants, mice, and fruit flies. Other types 
of long-term effects seem to have a similar no-threshold curve. How- 
ever, recently there has been some evidence advanced that there might 
be a threshold for leukemogenesis. 


Experimental work done on mice and on other animals and insects indi- 
cate that there is a dose rate effect which operates in non-mitotic mater- 
lal, and is Such that an acute x-ray dose is more mutagenic than a chronic 
gamma ray dose, or that spermatogonia of the adult male are more mu- 
table under irradiation than oocytes of the adult female. In the light of 
existing genetic knowledge, the second interpretation seems the more 
likely, but the two are not incompatible, and either one or both mechan- 
isms might be operative. (2) 


Because of the lack of quantitative knowledge of the relation of radiation 
to human genetics, it is difficult to know how much radiation is danger- 
ous. It is unfortunate if we adopt a caSual approach as to a distant prob- 
lem because the genetic effect is a real one. As mentioned previously, 
radiation mutagenetics lacks a threshold, and all radiation received by 
the gonads entails some risk to later generations. With expansion in the 
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use of radioactive materials, the genetic load will be increased. It 
should therefore be the aim of all engaged in the use of radiation to keep 
the exposure to the gonads to as low a level as possible. The dose re- 
ceived by the gonads during diagnostic radiology can be significantly low- 
ered by restriction of the field to the diagnostic area of interest, proper 
coning, additional filtration, and shielding. 


"Shielding the gonads and male patients from unnecessary exposure, in 
direct and scatter radiation, should be an essential part in medical radi- 
ology for if it should prove that the germ cells of human post-natal males 
are 5 times as mutable, under acute x-irradiation as those of the fetus, 
and 10 times as mutable as those of the female, all but a quarter of the 
damage done each year by man-made radiations to the genes is being done 
during x-ray examinations of boys and young men, and this damage is 
avoidable, '(2) 


It has usually been considered one of the basic tenets of radiation genetics 
that the variation in radiation intensity, that is dose rate, does not affect 
mutation rate. However, the experimental results upon which this conclu- 
sion is based were obtained only from certain cell stages, particularly 
drosophila spermatozoa. The question arises as to whether this also per- 
tains to human beings or not. 


There has been increasing evidence that induction of mutations may not be 
direct in action as had been supposed, and that the mutation process in 
the genes may not be entirely independent of variation in its cell environ- 
ment. It has been debated that the bulk of the radiation dose causing gen- 
etic hazards in man will be accumulated not in spermatozoa, as in the 
drosophila, but in spermatogonia and oocytes. 


It was reasoned that even if the actual mutation process in spermatogonia 
should prove to be, as in spermatozoa, independent of radiation intensity, 
the mutation rate as measured by mutations transmitted to the off-spring 
might still be dependent on dose rate. This would be in part because of 
cell selection due to interferences with the dynamics of the cycle of the 
Ssemi-inferous epithelium. 


The Russells () have started experiments to determine mutation rates 
induced by chronic gamma irradiation in spermatogonia in mice. The re- 
Sults showed a much lower mutation rate from chronic gamma than from 
acute x-irradiation. Mutation rates were determined by the specific locus 
method. 
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Experiments undertaken by the Russells :(°: 7?) 


reveal the following: 
A. The lower mutation frequency is due mainly to difference in dose 
rate of radiation, rather than quality. 


B. A dose rate effect is not obtained in experiments with mouse sper- 
matozoa, confirming classical findings for spermatozoa and indicat - 
ing that the explanation for intensity dependent in spermatogonia re- 
sides in some characteristic of the gametogenic Stage. 


C. A dose rate effect is found not only in spermatogonia, but also in 
oocytes, where cell selection is improbable, indicating that the ra- 
diation intensity effect is on the mutation process itself. 


In 1951, Russell published(”) his results on x-ray induced mutations in 
mice. Comparison of his data with similar data from drosophila shows 
a higher induced mutation rate in the mouse by some 20 times. This in- 
dicates that estimates of human hazards. based on drosophila mutation 
rates may be too low. 


HUMAN STUDIES 


One of the earliest studies8) in human genetics and the relation of radia- 
tion was begun in 1925 by the Committee for Research in the Problems of 
Sex, appointed by the Division of Medical Sciences of the National Research 
Council. This committee sent out a questionnaire to a number of radiolo- 
gists in the United States and Canada. Because of the small sample size, 
the results obtained would be quite inconclusive. 


There are two general types of mutations, chromosomal aberrations and 
gene mutations. We have briefly discussed gene mutations, let us now 
mention chromosomal aberrations. 


In the chromosome, a part of the chain can be broken by ionizing radiation 
and either a portion deleted or the chromosome closes up and heals itself. 
The broken,rearranged chromosomes are commonly mutated so badly that 
they are eliminated almost at once through early death of their carriers. 
These occur at relatively high doses of radiation. It takes approximately 
15 ionizations to break a chromosome. 


Broken chromosomes have a tendency to fuse with any other break. If the 
two broken ends stay in juxtaposition, they may fuse and become a whole 
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chromosome (but may have a mutated gene). However, if the break 
occurs and does not heal before division, we may get the two ends of 
each divided chromosome fusing with a fragment left over. The frag- 
ment will not migrate due to lack of the astra. The main, or bridge 
factor, will attempt to migrate through the influence of the astra, but 
it will not go to completion due to the bridge and will thus cause either 
an abnormal cell or it will die. 


Single breaks usually heal by restitution, but with highly ionizing radia- 
tion Such as alpha radiation, one may get two or more breaks in juxta- 
position and these may have cross-healing and form mixed chromosomes. 


Chromosomal abnormalities show only at time of division. If one studies 
the cells genetically, one will find that these ''broken'' chromosomes are 

lethal mutations in many events. Dominant mutations are the ones uSsual- 
ly associated with chromosomal damage. 


The mutations from hereditary gene changes usually do not produce gross- 
ly abnormal off-spring. Their attack on mankind is much more Subtle. 
On the other hand, somatic mutations due to irradiation in utero can and 
do produce grossly abnormal off-spring. The primitive embryonic cell 
which is formed after the entry of the sperm into the ovum, iS very Sen- 
Sitive to radiation. Irradiation with greater than 100 r at this time will 
produce 80% or more deaths. When differentiation begins and the indivi- 
dual organs and limbs are formed, the embryo takes shape. During this 
period, it is inthe greatest danger. Now radiation no longer kills; the 
damaged embryo is not reabsorbed or aborted but proceeds to a live birth 
with an abnormal infant. 


The embryo is however, most Sensitive during the period of most active 
organ development, which lasts from the second to the sixth week after 
conception. 'The type of deformity most likely to be produced depends 
upon the exact time of irradiation in relation to the age of the embryo. 


As little as 25 r can produce certain kinds of deformities, particularly 
those involving the brain, without producing any symptoms in the mother, 
and even a blood count might not show that an acute exposure to radiation 
had occurred. 


The period of major organ production in human beings is over after about 
three months and the fetus then develops its finer aspects and generally 
grows and develops. Irradiation at the later stages of pregnancy results 

in marked growth reduction, giving small babies which develop into smaller 
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adults. Their life-span is reduced and their reproductive organs are 
often affected so that they grow up sterile or produce off-spring with 
great ''genetic loads" of defective genes. 


The Atomic Bomb Casuality Commission has followed children from 
women who were pregnant and exposed to radiation from the wartime 
bombings. On the average, these children are shorter and lighter and 
have smaller heads than the normal child of that area. However, in some 
respects, these children are beginning to have a size and weight approach- 
ing that of the normal. Some show severe mental deficiencies, while 
others were unable to speak normally at five years of age. 


However, most of our knowledge of in utero irradiation effects comes 
from expectant mothers who were irradiated for therapeutic or diagnostic 
reasons. 


In 1925, as mentioned previously, a questionnaire type of survey was done 
among radiologists to determine the incidence of twinning and of gross 
abnormalities. The results were highly inconclusive and it was believed 
that radiation might not be harmful to the fetus. | 


A later detailed survey showed that this view was quite erroneous. This 
survey showed that where a mother received several hundred roentgens 
within the first two months after implantation of the embryo, severe mal- 
development was observed in every child, a high proportion of whom lived 
for many years. A much smaller proportion of malformed children were 
born when the mother was irradiated during the last three months of preg- 
nancy. 


Another study was the Macht-Lawrence study in 1955. This study showed 
a Statistically significant increase in congenital malformations in the ir- 
radiated group. This also was a questionnaire type of study sent to physi- 
cians. Replies covered roughly 10,000 off-spring. These off-spring were 
divided into two groups. 

A. Parents received occupational exposure prior to conception. 


B. Parents had no occupational exposure. 


Off-spring were studied for fetal deaths and congenital abnormalities with 
the following results: 
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Congenital 

Fetal Deaths Abnormalities 
Irradiated parents 14.03% 6.01% 
Non-irradiated parents 12, 22% 4.82% 


A number of more recent human surveys have been performed. We shall 
not discuss those relative to life-span shortening, but shall mention a few 
studies of carcinogenesis and congenital malformations. 


Perhaps the most famous of these studies is that of Stewart(12). That 
was a survey of 1,694 deaths due to malignancies occurring in children 
prior to their tenth birthday. These cases occurred during the period 
1953-1955. These children were compared with a similar group of live 
children. 


Stewart's final conclusions were that "fetal irradiation does not account 
for the recent increase in childhood malignancies, but the finding of a 
case excess for this event does underline the need to use minimum doses 
for essential medical x-ray examinations and treatment. "’ 


This study has drawn considerable comment both pro and con. 


A similar study in this country was conducted by Patterson and Ford(13) 
at Tulane University. Their results have just been made public. Their 
conclusions were: 1) "The incidence of ante-natal (diagnostic) irradiation 
in Louisiana is 25 times that found by Stewart in England. "and 2) "The 
incidence of irradiation in utero in the cases of leukemia and malignant 
disease is over 1.5 times greater than that for control cases, an exact 
parallel to the findings of Stewart." 


Another study on the "pro" side is that of Abbatt and Lea(!4), They com- 
pared the incidence of various factors alleged to be leukemogenic in three 
series of cases: a) 679 cases of leukemia, b) 813 cases of other diseases, 
and c) 554 cases of neoplasms other than reticulosis. They found definite 
associations between leukemia and a) irradiation (in ankylosing spondylitis) 
and b) the rheumatic diseases. 


Denying the adverse effects of in-utero irradiation are studies by Mills{15) 
and by Court-Brown. 


In the first of these, they did a review of 226 of 1, 258 patients delivered 


in their hospital. These 226 patients had received x-ray pelvimetry during 
their pregnancies in 1946. The dose was calculated as 3.5 r to the fetus. 
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One hundred fifty-five of these children (about 70%) were followed for 10 
years, 35 were followed for lesser periods; the remaining 36 could not 
be traced. The conclusion of Mills was that this study "gives no evidence 
to support the suspicion of an increased incidence of leukemia or malig- 
nant disease in such patients as suggested by Stewart and co-workers. " 


The faults of this study are obvious, however. Another paper by Court- 
Brown and Doll arrives at a conclusion opposite to the Stewart results. 


The Public Health Service is beginning a similar survey of 50,000 cases 
of x-ray pelvimetry during pregnancy. This study will not be completed 
for another 2 or 3 years. 


Recently there appeared a paper by Gentry(16) attributing an increase in 
congenital abnormalities to an increase in background radiation. This 
increase was less than the radiation exposure received in certain diagnos - 
tic x-ray procedures. The validity of Gentry's conclusions remain in 
doubt at the present. 


Along these same lines, two reputable Federal agencies have independent - 
ly come to the conclusion that, on the surface, there may be some corre- 
lation between increased background levels of radiation and increased in- 

cidence of congenital abnormalities. 


Whatever your belief in respect to the hazard of ionizing radiation, we 
would like to leave with you the following precept. 


"EACH TIME IONIZING RADIATION IS USED, THE BENEFITS TO BE 
DERIVED FROM THAT USE SHOULD BE WEIGHED AGAINST ANY POS- 
SIBLE HARM THAT MIGHT OCCUR. " 


This lecture outline was prepared for the Training Program by Dr. Eugene 
van der Smissen, Research Branch, Division of Radiological Health, Wash- 
ington, D.C. | 
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RADIATION AS A CARCINOGEN 


INTRODUCTION 


The carcinogenic effects of ionizing radiation have been known for more 
than 50 years. As early as 1902, cancer of the skin attributable to x-rays 
was described. In spite of this apparent early warning, a number of pio- 
neers in x-ray usage fell victim to these effects. 


The recognition of the association between x-rays and leukemia came a 
little more slowly, the first recorded cases not being described until 1911. 
Other isolated reports followed, leading to a comprehensive study by 
Henshaw and Hawkins(2) published in 1944. These authors reported that, 
during the period 1933-1942, leukemia was 1.7 times more common 
among American white physicians than among the general white male 
population. Several additional surveys have since been carried out 
regarding leukemia in radiologists. One of the more recent is that of 
Lewis, (3) who estimates that the death rate among radiologists due to 
leukemia is about 8 times the expected rate for the general population. 


The carcinogenic effects of radiations from internally deposited radio- 
nuclides have also been demonstrated. The occurrence of bone tumors 
among radium dial-painters is aclassic example. Although lung tumors 
have also been found among the miners of Schneeberg, conclusive 
evidence that radon inhaled from the mine atmosphere will in fact 
produce lung cancer is still lacking. 


The purpose of this outline is to review briefly some of the evidence in- 
dicating that ionizing radiations are carcinogenic agents. Primary 
consideration will be given to human evidence although experimental 
data obtained from animal studies will be mentioned where pertinent. 


BASIC CONSIDERATIONS 


A. Direct and Indirect Action» - It would appear that the carcinogenic 
effects of radiations may be either direct or indirect. By direct 
effects is meant that tumors will arise in those areas which have 
been directly irradiated and not elsewhere. This would include 
tumors in the skin, larynx, pelvic organs and bone from x-irradiation 
in man. With internally deposited radionuclides, direct effects have 
been found in bone, lung, liver and thyroid. 
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Indirect effects of radiation which result in malignancy have been 
studied in animals. An impressive experiment was conducted by 
Kaplan with mice in which malignant lymphoid diseases are very 
common. In such animals, the incidence of malignant lymphoma 

is greatly enhanced by whole body irradiation. Kaplan showed that 
irradiation of either half (anterior or posterior) of the body in the 
mouse is almost entirely ineffective in lymphoma production. He 
also showed that the two halves of the body can be irradiated at dif- 
ferent times separated by an interval of the order of hemopoietic 
recovery time with similarly negative results. oS) These results 
suggest that an indirect mechanism exists which may involve hemo- 
poietic damage stimulating a secondary response of which lymphoma 
is a sequela. 


Another example of the indirect mechanism is that of ovarian tumors 
in the mouse. This tumor may result from total-body irradiation by 
single doses well below the acute lethal range(§) (as low as 32'r.) or 
by daily doses as low as 1 r per week. (7) However, on the basis of 
local irradiation, it has been found that treatment of one ovary in the 
presence of another untreated ovary will not elicit any neoplastic 
response. 


Co-carcinogens 


Many observations made on the induction of neoplasms in man or 
animals subjected to ionizing radiations are best explained by postu- 
lating co-factors as being operative, before, during, or after irra- 
diation. 


t 
It has been shown, for example, that inthe course of inflammation, 
many cells are potentiated to the carcinogenic effects of x-rays. 


A co-carcinogenic effect of methyl-cholanthrene and externally ap-. 
plied beta radiation from p32 has been reported. (9) ach of these 
agents alone produced skin tumors in 13. 3% of the mice used in the 
study, and when combined inthe same doses, in 53. 3% of the mice. 
Benzopyrene and croton oil are other co-carcinogens, the latter be- 
ing one of the most powerful known. (Note: It has been stated that 
in some instances, radiation is not capable of reducing the latent 
period of cancer, Co-carcinogens do reduce the latent period of 


cancer. Therefore, radiation itself is not a co-carcinogen, if indeed. 


it does not reduce the latent period). 
Latent Period 


Following irradiation, a latent period exists before the results of the 
radiation become manifest. Brues(4) has considered the significance 
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of the latent period in particular, whether or not the latent period 
of a tumor may be a function of the life span of the rat, or of "bio- 
logical" rather than physical time. He suggests that latent periods 
vary as something like the two-thirds power of the life-span, (See 
Table 1). 


TABLE I 
Relation Between Life Span' and Minimum Latent Period 


 gpecies 2—i(‘<‘ié‘sés!C#Afe Span = Induction Period == 2/3 Power — 
C(t‘ LS* OOO days = 1) (200 days = 1) of Life Span" 
Mouse, Rat 1 1 1 

Dog 5 3 2.9 
Man. 35 8 10.7 


Brues has also investigated the dose-time relationship for develop- 
ment of bone tumors following administration of a aingle dose of Sr89, 
His findings are illustrated in Figure 1. Each quantity of Sr89 ab- © 
sorbed by bone confers a given probability of bone tumor formation, 
the tumor development time decreasing and the tumor incidence in- 
creasing with the dosage. It is not known whether a threshold dose 
exists for such effects. | 
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of bone tumors (Ref. 10). 


I, LEUKEMIA 


.As mentioned previously, Lewis(3) has reviewed the evidence for the 
‘. induction of leukemia in man, in particular the evidence which relates 
to the incidence of the disease and dose of radiation. The sources of 
information used by Lewis comprise: 1) the survivors of atomic bomb 
radiation in Japan; 2) patients irradiated for ankylosing spondylitis; 
3) children irradiated as infants for thymic enlargement; and 4) radiolo- 
gists. 


The crude mortality rate for leukemia in 1954 was 68 per million indi- 
viduals per year. Although leukemia is a rare disease, the death rate 
from it has increased steadily since 1900. In his consideration of leu- 
kemia among radiologists, Lewis estimates that the death rate for this 
group exceeds the expected male population rate by a factor of about 
eight. While this figure may seem high, it should perhaps be pointed 
out that up to 1948 only 37 cases of leukemia were reported in the medi- 
cal literature among the thousands of people who had worked with x-rays 
during the preceding 50 years. It is also of interest to note that, except 
for leukemia and skin cancer, the incidence of other forms of cancer in 
radiologists is not apparently increased. 


While Lewis states that the available data for man indicates a linear 
relationship between leukemia and dose of radiation, there may be rea- 
son for some doubt regarding this concept. 11 


A second group showing an association between leukemia and radiation 
exposure is the Japanese people exposed to the radiations from the nu- 
clear detonations over Hiroshima and Nagasaki. In Table 2, the inci- 
dence of leukemia can be correlated with the distance of the exposed 
individuals from the hypocenter under the bomb blast. The data given 
are for the explosion over Hiroshima. 





TABLE 2 
Sub-Committee Hearings, Part (12) 
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1 calculated from the Japanese mortality data for 1952. In calculating the 


numbers of expected deaths, certain assumptions had to be made about the 
rate of change of the numbers of survivors in the different age groups, and 
the figures must be regarded as approximate estimates. 
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In Figure 2, the distance-dose curves for the atomic bomb blasts at 
Hiroshima and Nagasaki are given. It is noteworthy that apparently as 
little as 50 roentgens in a single acute exposure dose can result in an 
increased incidence in leukemia. 


Figure 2 
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Of further interest is the fact that the leukemia which resulted occurred 
mostly in the early and intermediate age groups and that the predominant 
types were acute myelocytic leukemias, In this connection, it is interest- 
ing to note that radiation induced lymphatic leukemias have been observed 
in Europeans, while the Japanese developed the myelocytic type. That 
lymphatic leukemia is a rarity in Japan suggests that radiation is prone to 
induce the type of leukemia that might occur spontaneously. (13) 


The peak of increased incidence of leukemia seems to have been reached 
in 1951, or about 6 years after the atom bombings. The meaning of this 
is not entirely clear. Whether this represents a "true" increase in the 

leukemia incidence or merely a shortening of the latent period for those 
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individuals who would have eventually developed the disease anyhow is not 
known, Only close observation and careful study will reveal whether or not 
what is being observed is merely a "hastening" of the natural course of events. 


Another exposed group in which the relationship between leukemia and radia- 
tion exposure has been studied is a series of patients with ankylosing spondy- 
litis who were treated with x-ray. (14) Ina study of 11, 287 male patients 
treated for this disease during the period from 1935 to 1954, 37 cases of 
leukemia were discovered. (Doses of 2000 r. given to the entire spinal col- 
umn through ports 10 cms. wide are not unusual in treating this disease. 

The dose is usually fractionated over a period of several weeks.) The data 
given by Court Brown and Doll show a linear relationship between leukemia 
rate and dosage. (14) (One criticism which has been aimed at this study is the 
fact that only 400 control patients with spondylitis were used.) The authors 
conclude that there is no evidence of a threshold dose effect to be found in 
their data, although they leave room for this possibility in their conclusionary 
remarks. 


TABLE 3 


W.M. Court Brown, R. Doll, Hazards of Nuclear and Allied Radiations. (14) 
The numbers of male patients developing leukemia and the crude incidence 
rates after different doses of radiation (measured by the maximum amount 
recetved at a point in the spinal marrow). 


Amount of treatment, max. dose to the spinal marrow (r. 
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the rate given for "no treatment" has been estimated from the national vital 
statistics for all forms of leukemia and weighted to allow for the fact that not 
all the patients in the series were certified as dying from leukemia. If lym- 
phatic leukemia is excluded (as may be more appropriate) the rate is 0. 3. 


Another study of considerable interest is that involving a group of children 
who had their thymus glands irradiated to induce a regression in size while 
they were quite young. The association between leukemia (and other forms 
of cancer) and the fact of exposure seems to have been clearly demonstrated. 
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Simpson, et, al., (a5) studied a population of some 1700 children who 
were treated with x-rays in infancy for thymic enlargement. (Thymic en- 
largement allegedly was responsible for or associated with sudden death of 
@ previously healthy child or with severe and sometimes fatal respiratory 
distress in young children.) Doses of 500 roentgens or more were adminis- 
tered to the entire chest in some cases. Most received less than 200 roent- 
gens. 


The increase in the number of leukemia and cancer cases in children so 
treated is striking. (Table 4). The latent period was as short as 1 year. 


TABLE 4 


Expected and observed rates for malignant neoplasia 


1 














Treated Children ... Untreated Si 


cpected. 


2. at (219) 2. 
7 7 os 


1Prom study by Simpson, Hempelmann, and Fuller on 1, 722 children treated 
with x-rays for thymic enlargement from 1926 to 1951. 15 


All cancers 
Leukemia 
Thyroid cancer _ 







Finally, there is the group of children studied by Stewart(15) who died before 
the age of 10 from leukemia and other forms or cancer. The parents of the 
children were questioned regarding the exposure of the child in utero and 
postnatally. The best friend of the child was used as acontrol. Referring to 
Table 5, which summarizes the preliminary results of Stewart's study, the 
only category in which a significant difference was found in the history of 
x-ray exposure of the two groups of children is the category referring to 
x-ray examination of the abdomen of the child's mother while the mother was 
still pregnant. For example, it is seen that whereas only 24 mothers of the 
control children had abdominal x-rays, 42 mothers with children who had 
leukemia were examined in this way. A similar difference is found in the 
mothers of children having other forms of cancer. 
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If a cause-and-effect relationship is assumed, then not all the cases of 
childhood leukemia can be explained on the basis of x-ray exposure. How- 
ever, it is felt by some that although the damage in the children occurred 
only in a small Proportion of mothers x-rayed in pregnancy, nevertheless 
it is important. 12) 


Very recently however, Kaplan‘17) has cast some doubt on the results ob- 
tained by Stewart. In what he describes as being a study of the type conduct- 
ed by Stewart, Kaplan finds that a significant difference does or does not ex- 
ist depending on how one chooses the controls for the experiment. Kaplan 
found that there was a difference between the pregnancies resulting in the 
leukemic child and the sibling, but not the leukemic child and his unrelated 
playmate. (Kaplan states that the Stewart controls were selected at random 
from the general population. Stewart's paper states that her controls consist- 
ed of the best playmate of the child involved). 


Parenthetically, it may be of some interest at this point to mention that in the 

children studied by Stewart the pelvimetric x-ray exposure resulted in a dose 

to the fetus of the order of 2 roentgens per examination. (18) The fact that 

any effect is noted at these low doses makes the problem of radiation exposure 
in utero highly worthy of note. 


IV. CANCER OTHER THAN LEUKEMIA 
A. Cancer of the Lung 


The mines of Schneeberg and Joachimsthal are located in Germany 

and Czechoslovakia respectively. Both have been worked since the 16th 
century for various types of ore. Toward the end of the 18th century, 
pitchblende ore was extensively mined. 


It had long been known that the men working these mines were highly 
susceptible to falling victim to the illness they termed ''Bergkrank- 
heit", or ‘mountain sickness". It is now known that this sickness 
was cancer of the lung and that nearly one-half of the miners who 
worked in the mines more than 10 years died of lung cancer. 


The average latent period for the induction of the cancer in these 
miners was about 17 years, Calculations have shown that the radia- 
tion dose to the lungs during this period from breathing radon gas 

and its daughter products, the prime suspects for the cancer etiology, 
would have been about 1000 r, 14) Although a connection between lung 
cancer in the miners and radon gas in the mines is strongly suspected 
there yet remains to be demonstrated absolute proof of the connection. 


=10= 


B. 


Experimental induction of lung tumors in mice requires either a 
comparatively massive single dose or considerably higher doses 
than those obtained in the Schneeberg mines which had a radon con- 
centration of about 3 x 1079 curies per liter. (Note: The present 
MPC recommendation of the NCRP as given in Handbook 69(19) for 
radon is 3 x 1078 microcuries per cubic centimeter for a 40-hour 
week), There is as yet no reliable experimental proof that external 
radiation by x- or gamma rays can cause lung tumors in man, 


Cancer of the Bone 


The development of malignant tumors in bone following the ingestion 
of radium and the daughter~products of thorium is well known. Know- 
ledge of these effects comes mainly from the case~records of former 
workers in the "dial painting" industry. Luminous paint compounded 
of zinc sulfide and radium, or of varying mixtures of radium, meso» 
thorium and radiothorium was used in dial painting, The dial paint+ 
ers "pointed" their brushes with their lips to obtain a narrow tip, 
This resulted in many ingesting radioactive material, In some, with- 
in about 3 years, anemia, hemorrhages and infections, particularly 
of the bones of the jaw, resulted. After a latent period of 15 years or 
more, cancer of the bones appeared in these people. 


Today, the maximum permissible level for body radium is set at 0.1 
microcurie, No person is known to have developed any bone cancer 
with a body content of radium as low as 0.5 microcurie. Therefore, 
a safety factor of about 5 exists in the present recommended levels. 


Cancer of the Skin 


Cancer of the skin was the earliest form of radiation-induced tumor 
described in man, By 1902 the first report of cancer of the skin 
attributable to x-ray appeared. By 1911 fifty-four such cases had 
been reported. In 1907 the first eleven verified fatal cases of 
x-irradiation cancers in man were reviewed. The latent periods 
associated with most skin cancers due to x-irradiation have ranged 
from 12 to 56 years, with an average of 33 years. Estimates that 
several thousands of roentgens were necessary to produce these 
effects have been put forth. 


Cancer of the Thyroid Gland 
Cancer of the thyroid gland following the irradiation of the thymus 


gland, infected tonsils and adenoids has been reported among chil~ 
dren, ‘15) The average latent period between irradiation of the.’ 


SAGs 


thymus gisnd and the appearance of thyroid cancer has been. deter- 

mined aa being as short as 6 years. An important feature of theae 

cases of thyroid cancer. ig. the fact that apparently as little as 250 Pe 

of irradiation can induce the tumor ina. ohiid, Ima recent report, 
-Simpson!4l). has given the interval between thymus irradiation and 

~. development: of hyroid tumors and leukemia among 2380 children, © 

as well as the: somcreine of the Sone cancers, | ‘This distribution 
is shown in Pins} 3. 
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PERSONNEL MONITORING 


INTRODUCTION 


Because man is not endowed with the ability to detect radiation through 
his five senses, he has had to devise other means for determining his 
exposure to radiation. As a result, detection devices designed to 
measure the accumulated radiation exposure of the individual were 
developed by taking advantage of the ionizing effect of radiation on matter. . 
Common monitoring instruments are the film badge, pocket chamber 
and dosimeter. 


FILM BADGE 


The film badge provides a method whereby the sensitivity of a photo- 
graphic emulsion to radiation is used for purposes of dose determi- 
nation. Radiation causes darkening of the film by the interaction of | 
radiation with the silver halide in the photographic emulsion. When the 
film is developed, the ionized silver grains are converted to black 
deposits of metallic silver. The degree of darkening on the film is 
determined by the use of a densitometer. The density of the film is re- 
lated to the type, energy, and quantity of radiation received. . Because © 
the photographic response to radiation exposure is dependent on the 
energy of the radiation, dosimetric results obtained are meaningless 
unless the films are calibrated with a known radiation dose in a beam 
whose energy distribution is similar to that to which film badges are 
exposed. By using special filters over appropriate films, different 
types of radiation can be measured, x-ray, gamma, beta or neutron 
exposures, 


For the badge holder surrounding the film packet, tissue equivalent 

or air equivalent material is usually used (lucite, bakelite, etc.) having 
an open window for the detection of beta particles. The thickness of 

the material must be sufficient to permit electronic equilibrium for 
the particular energy to be measured. Obviously, in a mixed radiation 
field, this is an ideal difficult and sometimes impossible to achieve. By 
using photographic emulsions of different sensitivity, a wide range of 
exposures can be detected from 10 milliroentgens to several thousand 
roentgens. 


4,2A,( 3.61) 1 


Personnel Monitoring 


The film badge is one of the simplest detectors of radiation; it is small 
and light, can be obtained in a wide range of sensitivity, provides a 
permanent record of exposure, has no complicated electronic circuits 
to get out of adjustment, is inexpensive, and can record simultaneously 
more than one type of radiation. These advantages more than outweigh 
the disadvantages of film processing, the time required to obtain a 
measurement, and the variations inherent in photographic materials. 
Even slight deviations in the developing time, type, quality and tem- 
perature of developer may affect the density in film dosimetry. There- 
fore, the recommended procedure is to develop a set of known standards 
with each group of unknown films. 


The film badge indicates the radiation exposure which a man has received 
only if it is worn at all times in the radiation area and if it is protected 
from radiation exposure when not being worn. The usual location for 
wearing the badge is on the front of the body somewhere between the 

waist and the neck. Film badges are processed bi-weekly or every month 
depending upon the level of exposure at the work area. Some installations 
have changed to 13-week intervals. Film badge services are available 
from commercial firms. If there is a question about the extent of staff 
exposure, a survey can be conducted to determine whether or not the 
wearing of film badges is warrented. » 


Ill DOSIMETERS AND POCKET CHAMBERS 
A. Dosimeters 


A pocket dosimeter (Fig. 1) is a chamber containing two electrodes, 
one of which is quartz fiber loop free to move with respect to its — 
mounting. Like charges are placed on the loop and its mounting, 
which forces the loop outward from the mount due to the repulsion 
of like charges. Ionization in the chamber reduces the charge and 
allows the fiber to move toward its normal position. 


An optical system and a transparent scale are all enclosed in the 
instrument which is about the size and shape of a large fountain 
pen. The fiber is fused to a metal frame and the micrsocope is 
focused on a portion of this fiber. Radiation entering the chamber 
causes ionization within the sensitive volume. This ionization dis- 
charges the electroscope; the distance the fiber moves being pro- 
portional to the dose received in the chamber. Instruments of this 
type can be made sufficiently rugged to withstand the shocks of 
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iB Pocket Chamber | 


LoS packet phacaher: (rig. 2) has a cylindrical electrode’ with a coaxial | 
collecting rod. well insulated from ‘the rest of the instrument, A... 
charge is: placed on this rod, Iona formed in the chamber collect — 
on the rod and reduce the previously’ placed charge. AT ocket cham= 
ber differs from the dosimeter mainly in that the electroscaope — 
portion (the quartz. fiber mechanism and optical aystem) is in an 

external unit,. This means that the chamber mist be charged ‘and 

read witha. separate: unit called a “charger-reader", The pocket 

chamber is similar in. size and shape to a fountain pen. The change” 

in charge is measured on a scale that may be calibrated in milli- 
ries “roetagens. The. advantage of this unit iB. its low. cost when compared 
ee Jee a, eiCeiE dosimeter: sAibnas 
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SURVEY INSTRUMENTS 


INTRODUCTION 


None of the ionizing radiations is detectable by any of man's five senses, 
therefore all indications of their presence and intensity must be obtained 
by instruments. Radiation detection devices, like other measuring in- 
struments, operate because of some effect the phenomenon being measured 
has on matter. In the case of radiation, this effect is ionization. Survey 
meters are similar to other radiation detection instruments in their oper- 
ational characteristics. A good survey meter should be portable, rugged, 
sensitive, simple in construction, and reliable. Portability implies 
lightness and compactness with a suitable handle or strap for carrying. 
Ruggedness requires that an instrument be capable of withstanding mild 
shock without damage. Sensitivity demands an instrument which will re- 
spond to the type and energy of radiation being measured. Rarely does 
one find an instrument capable of measuring all types and energies of radi- 
ation that are encountered in practice. Simplicity in construction necessi- 
tates convenient arrangement of components and simple circuitry com- 
prised of parts which may be replaced easily. Reliability is that attribute 
which implies ability to duplicate response under similar circumstances. 
All these conditions are not met in any one instrument, but they are 
approached in many. In any monitoring operation, one must select the 
proper instrument, use it intelligently, and then be able to interpret 

the results of the meter readings. | 


IONIZATION CHAMBERS 
A. Theory 


Ionization chambers are instruments in which the ionization initially 
produced within the chamber by radiation is measured without further 
gas-amplification. Primary ions formed in the chamber are attracted 
to the respective electrodes, and the current pulses are amplified ex- 
ternally to a measurable current. The gas-amplification factor is 
thus one. . 


B. Physical Description 
Ionization chamber survey meters have three principal components; 


(1) the ionization chamber; (2) the electronic circuit; and (3) the 
dial or indicating meter. 
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(1) ‘Ionization Chambers are usually about 30 to 50 cu. in. in volume 
and are filled with air at atmospheric pressure. The chamber 
wall design and type of material used in its construction deter- 
mine the types of radiation to which it is sensitive. The larger 
the chamber the more sensitive the instrument and the greater 
the voltage required for proper operation. Practically all 
chambers have walls that conduct electricity and serve as the 
cathode, while wires mounted in the center of the chambers 
constitute the anode. Operating voltage is supplied by batteries 
and has a magnitude of about 100 volts. The current which flows 
is directly related to the type, energy, and quantity of radiation 
penetrating the chamber. With movable shields, as in the "Juno", 
it is possible to discriminate between types of radiation. In 
general, ionization chamber survey meters are used to measure 
relatively high level intensities. Their low sensitivity enhances 
their capacity to measure radiation at higher dosages or ex- 
posure rates. 


(2) The Electronic Circuit is actually a precision amplifier. Vacuum 
tube or transistor circuits are used to build up the feeble ionization 
current so that it may be measured directly by a microammeter. 
Most survey meters incorporate a system whereby the amplification 
characteristics of the circuit may be changed by factors of ten. 

This enables the operator to change the instruments' range and 
sensitivity. 


Since there is a gas amplification factor of unity, circuit ampli- 
fication becomes a problem which one does not necessarily have 
in a GM instrument. On the other hand, there is no problem of 
quenching the dischage or of losses due to coincidence. 


(3) The Indicating Meter is usually a microammeter that registers 
the amplified current. The dial is generally calibrated in milli- 
roentgens/hour or, in the case of contamination monitors such 
as the "Samson", in counts per minute. 


C. Operation 


Most ionization chamber survey instruments have a selector switch 
marked "off", ''wait'', and x1,x10,x100. When the switch is off, the 
batteries are disconnected and the meter is short-circuited making 
the instrument inoperative. With the switch in the wait position, the 
batteries are connected, permitting the circuit to warm up and the 
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instrument to be zeroed after a warmup period of from 1 - 5 minutes. 
The meter is connected while the ionization chamber is disconnected 
making it possible to <diust the meter accurately to zero even in the 
presence of radiation. 


The ionization chamber does not wear out or suffer changes in 
characteristics as GM tubes do; however, the circuit of the ionization 
chamber survey meter has more elements that can get out of adjust- 
ment if not properly handled. Loose leads and weak batterics are a 
source of trouble which can be readily serviced. Other difficulties 
are usually caused by faulty circuits which cannot generally be fixed 
without the aid of a competent service man. 


No aural indication is used in IC instruments and thus the operator 
must constantly watch the meter to ascertain the field intensity. 
There is a lag between the instant radiation enters the chamber and 
the time when the meter reaches its maximum reading; therefore, 
one must allow time for the meter to reach its maximum before 
taking a reading. This is on the order of a few seconds. 


Calibration 


Instruments are designed by manufacturers to read directly in radi- 
ation intensity units, generally mr/hr or r/hr; however, there is 
considerable error in a direct reading, since the characteristics of 
individual components causes variations in instrument response. Each 
instrument must be calibrated for accurate interpretation. Instrument 
response intended by the manufacturer is related to one type of radi- 
ation, usually of adefinite energy range. If radiation of a different 
energy or type is measured, the results will be incorrect and the in- 
strument must be recalibrated with radiation of the same type and 
energy that is to be measured. 


For gamma ray calibration an ionization chamber instrument can be 
checked by placing it in a known field of radiation Radium and Co60 
are the most frequently used sources for gamma calibration. A 
plot of scale readings versus true radiation intensity can be made by 
comparing scale readings at known distances from the source against 
the true intensities at these distances, employing the formulae given 
below. : 
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_ milligrams of Ra or] « 229 X millicuries of co” 


D2 | D2 


Intensity, mr/hr 


where: [I 


D Distance from source to detector, yards 


From five to ten equally spaced scale readings should be taken and 
a graph of these values versus the calculated intensities at the 
corresponding points should be plotted on linear graph paper. A 
typical calibration curve would plot meter readings on the ordinate 
and corresponding ''true'' intensities on the abscissa. 


When calibrating an instrument, the reference point of the instru- 
ment is generally considered as the center of the sensitive volume. 
It should be pointed out that the ionization chamber type survey 
instrument, when properly calibrated, will give a good measurement 
of x- or gamma radiation intensity, but for alpha and beta radiation, 
only qualitative measurements can be made. 


Uses 


In x-ray survey work, calibrated ionization chamber instruments 
are very useful for measuring dose rate. Ion chambers are used 
extensively for beta and gamma survey work, and if properly 
modified, they may be used for neutron monitoring. 


Typical Instruments 


Cutie Pie: Perhaps the most widely used and one of the most versatile 
ionization chamber instruments available for radiological survey work 
is the Cutie Pie. These are available with maximum scale readings 
up to 50 roentgens/hour. 


Condenser r-meters: A very reliable and accurate instrument for 
x-ray calibration is the condenser r-meter. By nature, the condenser 
r-meter measures cumulative dose. It consists of a charger- 

reader mechanism and several detachable ion-chambers. These 
chambers are charged and then left in a radiation field for a known 
time. When read on the charger-reader, they show the total dose 
received during the time of exposure. [Ionization chambers for 
condenser r-meters are available in ranges from 0.025 roentgens 

full scale to 250 roentgens full scale and are nearly energy independent 
(= 2%) for x-ray energies of 30 Kev effective to 400 Kev effective. 
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Ill. GEIGER-MUELLER INSTRUMENTS |. 


A., 


Theory 


Essentially, the theory of ion collection in the GM type detector is 

the same as for the IC instrument except that there is the formation 

of secondary electrons; that is, primary ions, formed by the incident 
radiations, are accelerated (given energy) by the high voltage potential 
and this added energy enables them to produce secondary ion-pairs. 
The ratio of the total number of secondary ion-pairs produced to the 
primary ion-pair (Gas Amplification Factor) may be as high as 109. 
For control of the amplification, a quenching gas is introduced. The 
avalanche, caused by radiation entering the Geiger-Mueller tube, sends 
a pulse to the indicating unit of the survey instrument. The quenching 
gas functions to stop the avalanche and makes the GM tube ready for 
another ionization event. The amplification, inherent in the detector 
tube, allows a single beta particle or gamma photon to be detected. 


Physical Description 


The principal elements of the portable Geiger counter are; (1) the 
GM tube with its housing; (2) the electronic circuit; and (3) the meter. 


(1) The GM Tube is essentially a glass tube filled with an inert gas 
at less than atmospheric pressure. The filling gas, usually argon, 
yields ion pairs (when irradiated). Generally, the tube wall is the 
cathode and the wire traversing the axis of the tube is the anode. 
Some tubes have a thin window which admits alpha particles, but 
these are not used in survey meters to any extent. 


Each GM tube has its own characteristic curve of counts/ minute 
versus voltage, which will vary with usage of the tube. The 
operating voltage must be well up on the Geiger plateau for the 
proper operation, and it is generally in the range of 1 to 2 
thousand volts. 


To count efficiently, Geiger tubes must have adequate means for 
quenching the ionization avalanche started by a particle entcring 

the tube. In survey Geiger counters the tubes are invariably 
self-quenching; that is, the gas within the tube contains from 10 

to 25 per cent vapor of a substance such as ethylene or iso-butane. 
Quenching gas is decomposed by radiation, therefore a self-quench- 
ing tube has a limited life-time. It is thus obvious, that a Geiger 
counter should not be left turned on when not in use, especially 
near a source of radiation. 
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(2) 


(3) 


With a self-quenching tube there is a brief lapse of time from 
the moment one particle enters the tube until the tube is ready 
to count the pulse produced by another particle. The initial 
ionization, the avalanche, the registration of the pulse, and the 
quenching, all take place in the matter of a few microseconds; 
then the tube must be cleared in the residual ions. This clearing 
required a few hundred microseconds. Dead time becomes im- 
portant when measuring intense radiation fields. 


Most Geiger tube walls are designed so that all but the weakest 
beta particles may enter. Allowing for the errors duc to simul- 
taneous entry, each and every beta particle entering the tube 
will be counted. Gamma ray counting is not nearly so efficient. 


Since one measures each beta particle and each gamma ray that 
produces ionization within the sensitive tube volume, the instru- 
ment is extremely sensitive to radiation, and on the most sensitive 
scales background levels can be read. . 


A discriminating shield is provided for the GM tube or probe 
which when open admits both beta and gamma. With the shield 
closed only gamma is admitted. 


The Electronic Circuit provides the desired voltage to the GM 


tube, assists in quenching the discharge and receives, amplifies 


and transforms pulses from the tube to the type of impulse 
that can be heard in an earphone and registered on a microammeter. 


The Indicating Mechanism on most Geiger counters is usually two- 


fold; that is, earphones for aural indication and a meter for visual 


indication. The meters are in reality microammeters that indicate 
radiation intensity by a pointer ona scale. The pointer or needle 
will waver slightly and an average reading should be used. In 
general, the dial is calibrated either in counts/ minute or in milli- 
roentgens/hour, or both. Also, the instrument has a switch for 
selecting different ranges of sensitivity. For the mr/hr scale, the 
sensitivities are usually indexed indicating full scale values ata 
particular switch position, whereas the counts/ minute scale is 
usually marked by x1, x10, x100, or x1, 000 of full scale as read 
on the face of the dial. 


Equipment failure is generally due to batteries (some instruments 
have a battery check in the "on" position), loose connections or 
faulty GM tube. 
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Operation 


The operation of the GM Survey Instrument is essentially the same 
as that of the IC Survey Instrument. The warmup period is much 
less critical, and usually 5 to 10 seconds is ample. Care should 

be taken not to exceed the maximum capacity of the instrument; such 
excessive exposure will likely damage the GM detecting tube. The 
GM tube is in operation when in the "on" position and no zero ad- 
justment is possible. It is important to remember that GM survey 
meters are sensitive instruments and in general do not read high 
levels of radiation intensity. 


Calibration 


The calibration of GM instruments is the same as for the IC type. 
The only change that might be noted is that a smaller source of 
radiation might be used for calibration, since the sensitivity of the 
GM is much greater than that of the IC instrument. 


Uses 


Survey Geiger-Mueller instruments are useful for low level beta, and 
gamma ray survey work; with proper modification, they may also be 
used to monitor for neutrons. Portable GM instruments are available 
in a variety of types and full scale ranges from .2 mr/hr. to 50 mr/hr. 


IV. PROPORTIONAL SURVEY INSTRUMENTS 


A. 


Theory 


This type instrument derives its name from the fact that it operates 

in the proportional region of the typical instrument response curve. 
The probe has an extremely thin window which admits alpha particles 
to the ionization chamber. The operating voltage is quite high, in the 
order of 1,500 to 4,000 volts. Gas amplification factors are in the 
order of 10° to 106. This instrument can be made to respond only to 
alpha particles, by choosing the proper operating point in the propor- 
tional region, and by circuit adjustment. Alpha particles, since they 
have the highest specific ionization, give greater pulses than do beta 
and gamma; thus, by properly adjusting the input sensitivity of the main 
instrument circuit, we can eliminate all indications from the detecting 
element except those produced by alpha particles. 
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B. Physical Description 


Proportional survey instruments have three principal components; 
(1) the ionization chamber; (2) the electronic circuit; (3) the meter. 


(1) The Ionization Chamber has walls which serve as one electrode, 
and wires transversing the chamber which function as the 
opposite electrode. Such a chamber contains air or gas at 
normal pressure. A thin window of nylon, etc., allows alpha 
particles to enter, and the ionization they produce causes 
secondary ionization proportional to the production of pri- 
mary ion pairs. 


(2) The Electronic Circuit is more complex than that used in other 
type instruments. It is necessary to control the chamber voltage 
within fairly narrow limits. 


(3) The Meter is marked in counts/ minute with several sensitivity 
scales. The dial is used in a manner already discussed. 


C. Operation 
The operation of the proportional radiation survey instrument is 


similar to other instruments. A warmup period of several minutes 
is usually required to allow the circuit to become properly energized. 


D. Calibration 
Calibration of proportional meters for alpha contamination is 
accomplished by means of known quantities of the alpha emitter 
in question deposited on planchets. 

E. Uses 
Proportional survey instruments find their greatest application in 


alpha survey work. In making any alpha survey, the instrument probe 
must be extremely close to the surface being monitored. 


V. SCINTILLATION SURVEY INSTRUMENTS 


A. Theory 


Scintillation counters depend upon the light produced when ionizing 
radiation interacts with a phosphor or crystal of certain substances 
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capable of producing this light. The scintillations produced in the 
phosphor or crystal are then permitted to fall on a photomultiplier 
tube which converts the light pulses to electrical impulses. These 
electrical impulses may then be amplified and caused to register on 
a microammeter. 


B. Physical Description 


Scintillation type survey instruments have four principal components: 
(1) the scintillating phosphor or crystal; (2) the photomultiplier tube; 
(3) the electronic circuit; and (4) the meter. 


(1) Scintillating Phosphors may be liquid or crystalline, but for 
survey work, the crystalline type is, at present, preferable. 
If one is interested in detecting alpha radiation, a silver 
activated zinc sulfide screen (similar to the sensitive screen 
of a television picture tube) is generally used. 


For the detection of beta radiation, an anthracene crystal, covered 
with a thin metal foil to shield out alpha radiation, is preferable; 
for x- or gamma radiation a sodium iodide crystal is generally 
employed. When it is desirable to detect neutrons, a secondary 
reaction must be employed such as the reaction of thermal 
neutrons with boron in which an alpha particle is released. The 
alpha particle may then be detected with a ZnS phosphor. 


(2) The Photomultiplier Tube picks up light flashes from the phosphor 
which is in contact with it, and converts these light flashes to 
electrical impulses. It consists of a photosensitive screen, which 
emits electrons when light falls on it, and a series of dynodes at 
a positive potential with respect to the photocathode and with re- 
spect to each other. An electron liberated in the photocathode is 
accelerated to the first dynode, which is about 100 volts positive 
to the photocathode, where it knocks out additional electrons that 
are accelerated toward the second dynode. The second dynode is 
90 to 100 volts positive to the first dynode and the electrons strik- 
ing the second dynode produce still more electrons. This multi- 
plication process proceeds through each successive dynode until 
the electrons reach the anode. From this process, the current 
amplification is in the neighborhood of 109 - 1019, 


(3) The Electronic Circuit serves to maintain the voltage across the 
elements of the photomultiplier tube and to amplify the current 
impulses from the photomultiplier tube to a magnitude great 
enough to read on a meter. 
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(4) The indicating mechanism on a scintillation survey instrument 
may be either a microammeter, a set of headphones or both. 
Dial calibration may be in terms of counts/minute or mr/hr. 


Operation 
Operation of scintillation survey instruments is similar to that of 


ion chambers and GM instruments. It should be pointed out that 
the photomultiplier tube of a scintillation instrument will be ruined 


if exposed to light without first removing the voltage applied to the tube. 


Calibration 


scintillation instruments may be calibrated in the same manner as is 
used for a GM or an ion chamber instrument. 


Uses 


As previously pointed out, scintillation devices may be used to 
detect either alpha, beta, gamma, or x-rays or neutrons simply 

by placing the proper phosphor in contact with the photomultiplier 
tube. Scintillation detectors are very sensitive, more sensitive 

and efficient than GM counters, particularly to gamma radiation. 
They may be used to detect extremely low levels of activity, as the 
noise background may be kept much lower than that encountered in 
the circuiting of a GM or ion chamber instrument. Losses due to 
dead time ina scintillator are very slight, as light flashes may be 
produced in many portions of the phosphor at the same time, and the 
decay time of these flashes is very short; consequently, scintillators 
are useful for measuring very high radiation intensities. 
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RADIATION PROTECTION 


INTRODUCTION 


In this lecture, the basic principles for protection of personnel from all 
types of ionizing radiation are discussed. These principles are applicable 
regardless of types or energy of the radiation. However, the applications 
of the principles will vary quantitatively, depending upon type, intensity 
and energy of the radiation source, e.g., beta particles from radioactive 
materials will require a different amount of shielding than high speed 
electrons from a high energy particle accelerator. Ideally, the application 
of these prinicples would reduce personnel exposure to radiation to zero, 
but usually cost and convenience make a compromise necessary. The 
maximum permissible exposure levels which are discussed in a pre- 
ceding chapter serve as upper limits of this compromise. 


EXTERNAL RADIATION HAZARDS 
A. X-rays and Gamma Rays 


X-rays and gamma rays constitute the most common type of an 
external radiation hazard. When of sufficient energy, both are 
capable of deep penetration into the body. As a result, no radio- 
sensitive organ is beyond the range of their damaging powers. 
The most common source of x-rays is, of course, the x-ray 
machine. Some x-rays are also generated as a byproduct of 
certain atomic and nuclear reactions. Gamma ray sources in- 
clude nuclear reactors, particle accelerators, and radionuclides. 
X-ray machines can usually be treated as point sources, a fact 
which simplifies protective measures somewhat. Gamma ray 
sources may or may not be point sources. a 


B. Beta Particles 


Beta particles may or may not constitute an external hazard, de- 
pending upon their energy. Beta particles with enough energy to 
penetrate to the basal layer of the epidermis are considered external 
hazards, while those which are stopped by the horny layer of the 
skin are not. Radioactive nuclides and high energy particle 
accelerators may be sources of beta radiation. — 7 
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Neutrons 


Neutrons, because of their high penetrating powers, are considered 
external radiation hazards. They are produced by high energy 
particle accelerators and nuclear reactors in abundant quantities. 
Small sources such as radium-beryllium capsules also produce 
neutrons. Neutrons are perhaps the most dangerous of all external 
radiation because they have so far proved to be the most difficult to 
monitor, and they have a large potential for causing tissue damage. 


High energy protons and deuterons are dangerous external radiation 
hazards due to their high ionizing powers. Fortunately, their chief 
source, high energy particle accelerators, are limited in number. 


Ill. PREVENTION OF EXTERNAL RADIATION HAZARDS 


A. 


Distance 


Distance is not only very effective, but also in many instances the 
most easily applied principle of radiation protection. Beta particles 
of a single energy have a finite range in air. Sometimes the distance 
afforded by the use of remote control handling devices will supply 
complete protection. 


The inverse square law for reduction of radiation intensity applies 
for point sources of x-, gamma, and neutron radiation. X-ray | 
tubes act sufficiently like point sources so that reduction calculations 
by this law are valid. Gamma ray sources whose dimensions are 
small in comparison to the distances involved may also be con- 
sidered point sources as can capsule neutron sources. The inverse 
square law states that radiation intensity from a point varies in- 
versely as the square of the distance from the source. Expressed 
mathematically. | 


2 
I (R,) 
2 
2 (R,) 
Where J], is the radiation intensity at distance R11 from the source 
and I9 is the radiation intensity at distance Ro from the source. 


Inspection of this formula will show that doubling the distance from 
the source decreases intensity by a factor of four; increasing the 
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distance by a factor of three reduces the radiation intensity to 
one ninth of its value, etc. The inverse square law does not apply 
to extended sources, or radiation fields due to multiple sources. 


Shielding 


Shielding is one of the most important principles for radiation 
protection. To be able to apply shielding methods, one must 

have some understanding of the manner in which x- and gamma 
radiation is attenuated in an absorbing medium. Energy is lost 

by three methods, Photoelectric effect, Compton effect, and pair 
production; the predominating mechanism depends upon the energy 

of the radiation and the absorbing material. The photoelectric effect 
is most important at low energies, the Compton effect at intermediate 
energies, and pair production at high energies. The latter cannot 
occur unless the incident radiation has at least 1.02 Mev of energy. 
As x- and gamma ray photons travel through an absorber, their 
decrease in number caused by the above named absorption processes, 
is governed by the energy of radiation, the specific absorber medium, 
and the thickness of the absorber transversed. Mathematically, 

this may be expressed: | 


T, = -pAx 
waene AI = reduction of radiation 
I, = incident radiation 
LL = proportionality constant 
Ax = thickness of absorber transversed 


This equation can be solved by integration: 
I=Ie 
oO 


where e is the natural logarithm base and I is the radiation intensity 
after absorption by material of thickness x. Using this formula it 

is easy to calculate the radiation intensity behind a shield of thick- 
ness x, or to calculate the thickness of absorber necessary to 
reduce radiation intensity to a desired level, if the factor p is known. 
This factor is called the linear absorption coefficient when x is a 
linear dimension. However, the value of » depends upon the energy 
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of the radiation and the absorbing medium. Tables and graphs are 
available which give values of » determined experimentally for all 
radiation energies and for many absorbing materials. The larger 
the value of » the greater the reduction in intensity for a given thick- 
ness of material. The fact that lead has a high p for x- and gamma 
radiation is partially responsible for its wide use as a shielding 
material. Figure 1 shows the relative shielding properties of some 
common materials. . | 


If the radiation being attenuated does not meet narrow beam conditions 
and/or thick absorbers are involved, the absorption equation becomes: 


I = bI er 
| O 


where b is the build-up factor, and takes into account an increasing 
radiation intensity due to scattered radiation within the absorber. 
Tables of dose build-up factors (indicating that the increased radia- 
tion intensity is to measured in terms of dose units) can be found in 
the Radiological Health Handbook. 


In discussing shielding there are a few facts to keep in mind: 


1) That persons outside the "shadow" cast by the shield are 
not necessarily protected. 


2) That a wall or partition is not necessarily a safe shield 
for persons on the other side. 


3) That in effect, radiation can ''bounce around corners"; i.e., 
it can be scattered. 


The third fact is so important that it merits further discussion. 
Scattered radiation is present to some extent whenever an ab- 
sorbing medium is in the path of radiation. The absorber then 
acts as a new source of radiation. Frequently, room walls, the 
floor, and other solid objects are near enough to a source of 
radiation to make scatter appreciable. When a point source is 
used under these conditions, the inverse square law is no longer 
completely valid for computing radiation intensity at a distance. 
Measurement of the radiation is then necessary to determine the 
potential exposure at any point. 





SHIELDING PROPERTIES 
OF COMMON MATERIALS 
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Shielding will also attenuate beta radiation, and it takes relatively 
little shielding to absorb it completely. Therefore, the general 
practice is to use enough shielding for complete absorption. For 
low-energy beta emitters in solution, the glass container generally 
gives complete absorption. In many cases plastic shielding is 
effective and convenient. The absorption of great intensities of 
beta radiation results in the production of another electro-magnetic 
radiation, Bremsstrahlung. This is effectively x-radiation caused 
by the deceleration of the beta particles. It is more penetrating 
than the beta radiation that produced it and must be considered in 
shielding calculations. Principles used for attenuating x- and gamma 
radiation from conventional sources should be used for shielding 
against this additional radiation. 


Tables or graphs are available which give the maximum range of 
beta particles of various energies in different absorbing mediums. 
These can be used for calculation of the shielding necessary for 
protection against beta radiation. 


Fast neutrons are poorly absorbed by most materials; therefore, it 
is necessary to slow them down for efficient absorption. Since the 
greatest transfer of energy takes place in collisions between particles 
of equal mass, hydrogeneous materials are most effective for slow- 
ing down fast neutrons. Water, paraffin, and concrete are all rich 

in hydrogen, and thus, important in neutron shielding. Once the 
neutrons have been reduced in energy, they may be absorbed by 
either boron or cadmium. When a boron atom captures a neutron, 

it emits an alpha particle, but because of the extremely short range 
of alpha particles, there is no additional hazard. Neutron capture 

by cadmium results in the emission of gamma radiation. Lead or 

a similar gamma absorber must be used as a shield against these 
gammas. A complete shield for a capsule type neutron source may 
consist of, first, a thick layer of paraffin to slow down the neutrons, 
then a surrounding layer of cadmium to absorb the siow neutrons, and 
finally, an outer layer of lead to absorb both the gammas produced in 
the cadmium and those emanating from the capsule. 


C. Exposure Time 


It may occasionally be necessary to exceed the maximum permissible 
dosage rate in order to get a job done. This can be done with safety 
by limiting the total exposure time so that the average maximum per- 
missible value for a day based on the maximum permissible dose of 
0.1 rad per week is not exceeded. Generally, a worker should not be 
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allowed to extend this practice beyond receiving the weekly tolerance 
dose in a short period of time. It may sometimes be necessary to 
work men in relays in the same job so that the tolerance dose is not 
exceeded by any one man. 


IV. INTERNAL RADIATION HAZARDS 


A. 


Modes of Exposure 


Radioactive materials may gain access to the body by ingesting, by 
inhaling air containing radioactive materials, by absorbing a 

solution of radioactive materials through the skin, and by absorbing 
radioactive material into the blood stream through a cut or break in 
the skin. The danger of ingesting radioactive materials is not 
necessarily that of a large amount swallowed at one time, but rather 
the accumulation of small amounts on the hand, on cigarettes, on food 
stuffs, and other objects, and thus bringing the material into the 
mouth. | 


Sources 


Any radioactive material that gains entry into the body is an internal 
hazard. The extent of the hazard depends upon the type of radiation 
emitted, its energy, the physical and biological half-life of the 
material, and the radiosensitivity of the organ where the isotope 
localizes. Alpha and beta emitters are the most dangerous radio-_ 
nuclides from an internal hazard point of view because their specific 
ionization is very high. Radionuclides with half-lives of inter- 
mediate length are the most dangerous, for they combine fairly high 
activity with life sufficiently long to cause considerable damage. 
Polonium is an example of a potentially very serious internal hazard. 
It emits a highly ionizing alpha particle of energy 5.3 Mev, has a 
half-life of 138 days, and "creeps" out of containers. Tables are 
available which list the physical and biological information necessary 
to evaluate the hazard which most radionuclides represent. 


PREVENTION OF INTERNAL RADIATION HAZARDS 


The prevention and control of contamination is the most effective way 
of reducing internal hazards. The use of protective devices and the 
employment of good handling techniques are instrumental in this respect. 
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VI. 


Dust should be kept to a minimum by the elimination of dry sweeping and 
the use of air filters. Laboratory operations with radioactive materials 
should be carried out in hoods so designed that room air contamination 

is kept ata minimum. The exhaust air must be filtered, and if necessary, 
washed to eliminate any possible public hazard. Protective clothing should 
be worn so that permanent clothing does not become contaminated. This 
helps to limit the spread of contamination. To prevent the inhalation of 
radioactive materials, respirators should be available for emergency 
operations in areas where the concentration of air-borne activity is 

above maximum permissible levels. Eating and smoking in areas where 
radioactive materials are handled should be prohibited to reduce the 
ingestion hazard. Laboratory design and construction should be such 

that if decontamination becomes necessary, it is easily accomplished. 

It may be desirable to coat floor, walls, ceilings and furniture with 

a stripable material in order that contamination may be removed and 
disposed. | 


The proper instruments for handling radionuclides should be used to 
reduce the probability of accidents. There are many more fine points 
which should be applied for safe handling of radionuclides. Most of 
them are elaborated on in published booklets concerning this topic. 
Thorough study of such a publication should be made before handling 
radionuclides. Then proper planning of operations will eliminate many 
sources of hazards. 


REDUCTION OF EXPOSURES FROM MEDICAL X-RAYS 

Currently accepted standards are those recommended by the National 
Committee on Radiation Protection and Measurements (NCRP). Tirese 
standards have been published in Handbook 76(1) of the National Bureau 
of Standards and include: | 


A. Reduction of Dose to Patient 


1. Radiation dose to patient must be a minimum consistent with 
clinical requirements. | 


2. Procedures which are unnecessary or of marginal value should 
be eliminated. 


3. Methods of reducing dose per exposure 
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Use of shutters, cones, or diaphragms limits field size. 
Use of filters removes useless but damaging radiation. 
Optimum kvp reduces dose and improves picture quality. 
Use of sensitive films and screens reduces exposure time. 
Good fluoroscopic technique reduces patient dose. This 
means at least 20 minutes of dark adaptation, use of high- 
low switch, quick localization, and short exposure. Use 
of image amplifier in fluoroscopy is ultimate currently 


available. 


Varying location of entrance and exit of beam in therapy 
reduces exposure of tissues not under treatment. 


B. Reduction of Dose to Personnel 


Le 


Dose to medical, dental and allied personnel must be kept toa 
minimum consistent with duties and in no case may it exceed 
limits for radiation workers as set by the NCRP. 


In general, reduction of dose to patient results in reduction of 
dose to personnel. 


Shielding 


a. 


The tube housing is the first line of defense against primary 
radiation. 


(1) A diagnostic-type protective tube housing reduces the 
leakage radiation to at most 100 mr in 1 hour ata 
distance of 1 meter from the tube targct when the tube 
is operating at any of its specified ratings. 


(2) A therapeutic-type protective tube housing reduces the 
leakage radiation to at most 1 r in 1 hour at a distance 
of 1 meter from the tube target and 30 r in 1 hour at 
any point 5 cm from the surface of the housing accessible 
to the patient when the tube is operating at any of its 
specified ratings. 
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Additional protection against the primary beam is provided 
by the leaded glass on fluoroscopic screens and inherent 
shielding in the hood on fluorographic units. 

Protection against secondary radiation can be provided by: 
(1) leaded rubber curtain on fluoroscopes 

(2) protective clothing 

(3) fluoroscopic chairs 


(4) portable protective barriers 


Complete protection against primary and secondary radiation 
is provided by permanent or structural shielding. 


4. Safe practices for protection of personnel 


a. 


b. 


Continuous personnel monitoring is strongly recommended. 


Personnel must use barriers and/or protective clothing 
provided. 


X-ray personnel must not hold patients during exposure. 
When using dental, mobile, portable, and other equipment 


without barrier, operator must stand out of useful beam and 
as far from patient as possible. 


C. Reduction of Dose to General Public 
(i.e., in areas not under control of radiation safety officer) 


1. Dose to persons other than patients and employees must be kept 
to within limits for the general population as set by the NCRP. 


2. The principal facet of this problem arises from medical and 
dental offices in multiple use buildings, such as apartment 
houses and office buildings. 


a. 


Where possible, restriction of the useful beam to outside 
walls, (taking into consideration the proximity of other 
buildings) may be sufficient. 





VII. 


b. 
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In general, structural shielding is required, and it must 
be designed to reduce dose to 10 mr/ week. 


D. Reduction of Exposure by Structural Shielding 


Location, layout, orientation 


The thickness of shielding required can be minimized by optimum 
location of the installation, and by restricting the useful beam 
so that it is directed only toward unoccupied areas. However, 
other considerations may dictate the location of the x-ray depart- 
ment, and often it is found to be surrounded by fully occupied areas. 


Materials used for protective barriers 


Le 
2. 
a. 
b. 
Ci 
SUMMARY 


Lead is the principal protective material used in the low-voltage 
range and is also used in the high voltage range when space is. 
limited. Handbook 76 gives ray complete data for the shielding 
properties of lead. 


Concrete is preferred in the high voltage range, as it is 
self-supporting and tends to be more economical as the 
thickness increases. Data on the shielding properties of 
concrete are readily available. 


Special protective materials have been developed. Among 
these are barium plaster, and concrete mixed with steel scrap. 
Complete information on the shielding properties of these 
materials is lacking. 


The factors of time, distance, and shielding are basic to the principles of 


radiation protection against external sources. No source of radiation is 
so strong that the application of some combination of these principles will 


not make it safe. The prevention and control of contamination, the use of 
protective devices, and good practices will keep any internal hazard at 
acceptable levels. 
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RADIATION PROTECTION GUIDES 


INTRODUCTION 


As a matter of principle, it is best to avoid all unnecessary exposure to 
ionizing radiation. However, man has always lived in a field of ionizing 
radiation due to the presence of radioactive material in the earth and to 
cosmic rays. Whether exposure to this level of radiation is beneficial 
or deleterious is a matter of speculation. The obvious fact is that it 
cannot be avoided and it is normal for man to live in this environment. 
There is thus a lower limit of unavoidable continuous exposure to radi- 
ation which is tolerated by man. There is, on the other hand, a much 
higher level dose that is known to be harmful. Between these two ex- 
tremes is a dose agreed upon as "safe" for the individual concerned; 
however, data concerning large numbers of people exposed at this rate 
under controlled conditions are too meager to permit a categorical. 
assertion that this same dose would be "safe" for an entire population. 
The Radiation Protection Guide (RPG) may be defined as the radiation 
dose which should not be exceeded without careful consideration of the 
reasons for doing so; every effort should be made to encourage the : 
maintenance of radiation doses as far below this guide as practicable, ')) 
Methods of estimating guides are primarily based on past experience 
in which individuals have been exposed in radiological practice. ‘Animal 
experiments, conducted in recent years, have also been helpful in 
studying radiation effects. From this knowledge, and from the under- 
standing of the relative biological damage done by various types of 
radiation, protection guides for the whole body and for various organs 
have been recommended. 


BASIS FOR RADIATION PROTECTION GUIDES 


Establishment of ''safe'' levels of long-term radiation dose requires know- 
ledge of the cause-effect relationship between radiation dose and biological 
damage. Such damage may result many years after initial exposure and 
is usually indistinguishable from the normal diseases and impairments of 
man. Information accumulated on this subject is, therefore, difficult to 
evaluate and is often controversial. Nevertheless, observations involving 
man and animal life have resulted in the accumulation of significant data. 


RA, PH, bi. 24d. 7. 60 1 
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These include: 
A. Genetic Effects 
1. Studies involving fruit flies and mice 


2. Hiroshima and Nagasaki populations (inconclusive) 


3. New York State population groups exposed to different background 


levels ( inconclusive) 

B. Incidence of Neoplasms 

1. Bone tumors in radium dial painters 

2. Leukemia in radiologists 

3. Thyroid carcinoma in children irradiated in infancy 

4. Leukemia in survivors of Hiroshima and Nagasaki bombings 
C. Life-Span Shortening 

1. Studies with various animal species 

2. Radiologists vs medical doctors (inconclusive) 


Evaluation of these observations in terms of allowable radiation dose to 
man is an exceedingly complex task. The National Committee on Radi- 
ation Protection and Measurements (NCRP) has accepted the task and | 
over the past 30 years has established recommendations regarding maxi- 
mum permissible doses. Because of the fragmentary evidence currently 
available, the NCRP points out that these levels are not necessarily com- 
pletely safe limits but rather levels which should carry an acceptable risk. 


In 1959, the Federal Radiation Councii was formed to proviie a Federal 
policy on human radiation exposure. This organization published its first 
report in May, 1960, issuing recommendations essentially the same as 
those of the NCRP and the International Commission of Radiological Pro- 
tection (ICRP). The Council suggested, however, that the terms "Radiation 
Protection Guides" replace the former "Maximum Permissible Doses, " 
The newer terminology recommended by the Federal Radiation Council is 
used throughout this lecture outline. 
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Ill, CURRENT RECOMMENDED DOSE Limrrs'”) 


Radiation Protection Guides vary depending on whether the whole body or 


only a portion thereof is exposed and as to whether radiation workers or 
the general public is involved. 


A, Radiation Workers 


1. 


Accumulated Dose (External Sources) 


Be 


For external exposure to the whole body, the maximum 
average dose rate should not exceed 5 rems per year. The 
same dose rate applies to the head and trunk, active blood- 
forming organs, the gonads, and the lens of the eyes. 


No occupational dose is allowed persons under 18 years of: 
age. The accumulated dose at any subsequent age, there- 


fore, should not exceed 5(N-18) rems where N is the age of 
the worker in years. 


Generally, however, where only a single portion of the body 
is exposed, Radiation Protection Guide average dose rates 
are higher. For example, it is recommended that the average 
dose rate to the hands and forearms and to the feet and ankles 


should not exceed 75 rems per year. 


Accumulated Dose (Internal Sources) 


Ge 


Certain elements, upon ingestion, deposit rather uniformly 
throughout the body. Radioisotopes of these elements deliver 
a dose to the whole body. The Radiation Protection Guide 
dose rate for whole-body exposure from such radiomaterials 
has the same limit as from external sources, (i.e., 5 rems 


per yr.). No occupational exposure is allowed persons under 
18 years of age. 


Other radionuclides tend to localize in one or more selected 
body organs. Based on the essentiality of the organ to proper 
body function, epidemiological experience with radium, and 
genetic considerations, other Radiation Protection Guides have 
been specified for selected critical body organs. 
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(1) For most individual organs, it is recommended that 
the maximum average dose rate not exceed 15 rems 
per year. ; 


(2) For the thyroid and skin, the maximum average dose 
rate should not exceed 30 rems per year; for the gonads 


the average dose rate should not exceed 5 rems per year. | 


(3) For compact bone, the maximum permissible dose rate 
is limited to the average dose rate which would result 
from a body burden of 0.1 microcurie of radium. (This 
amount of radium would yield a dose rate of approximately 
28 rems per year), 


B. General Population Groups 


1, 


Because the general population contains a large part of the germ 
plasm controlling the future of the race, recommended Radiation 
Protection Guides are considerably below those for radiation 
workers, 


Currently it is recommended that the yearly radiation exposure 

of individuals in general population (exclusive of natural back- 
ground and the deliberate exposure of patients by practitioners 

of the healing arts) should be held to one-tenth of the permissible 
occupational levels. Thus, for whole body exposure of individuals 
in the general population, the radiation dose should not exceed 
0.5 rem per year. 


Exposure of the total population (this includes radiation workers, 
special groups, as well as the general population) presents a 
different problem. Here, it is necessary to make assumptions . 
concerning the relationship between the recommended Radiation 
Protection Guide of 0.5 rem per year for individuals in the 
general population, and the average dose received by average 
total population groups. The Federal Radiation Council suggests 
the use of the arbitrary assumption that the majority of individuals 


_ do not vary from the average by a factor greater than three. Thus, 


they recommend the use of 0.17 rem as a Radiation Protection 
Guide for yearly whole body exposure of average total population 
groups. This is in keeping with their recommendation that the 
average genetically significant dose to the total population not 
exceed 5 rems up to age 30 (exclusive of natural background and 


purposeful exposure of patients by practitioners of the healing artg. 


(1) 
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Assessment of the amount of radiation dose received by a given 
individual or population group requires totalling the doses 
received from external and internal sources. External ex- 
posures may be measured with a sufficient degree of accuracy 

by direct roentgen-rate monitoring procedures. Internal doses 
are assessed in terms of the concentration of specific radio- 
nuclides in air, water, milk and food which may be inhaled or 
ingested. To enable comparison of the radioactivity concentrations 
measured in these various environmental phases with Radiation 
Protection Guides, concentration values (termed Radioactivity 
Concentration Guides (RCG) or maximum permissible concentra- 
tions, (MPC)) which are related to the established (RPG) have been 
derived for many radionuclides, 


(3) 


B. Factors Influencing Radioactivity Concentration Guides 


In calculating RCG values for a given radionuclide, the following 
factors must be taken into consideration: 


1. 


Initial Body Uptake 


Large fractions of some elements are absorbed when taken into 
the body. In the case of certain other elements, only small 
fractions are absorbed in passage through the gastrointestinal 
tract. | 


Therefore, the greater retention would increase the hazard from 
the first group as compared with the second, other factors being 
equal. 


When radionuclides are inhaled, unless information specific to 

the radionuclide is available, it is assumed, in the case of soluble 
compounds, that 25 percent is retained in the lower respiratory 
tract. From here the nuclides move into the blood stream and a 
portion of each is deposited in its critical tissue within a few days. 
Approximately 50 percent is held in the upper respiratory tract 

and is swallowed. Inthe case of insoluble compounds, it is assum- 


. ed that 12 percent is retained in the lower respiratory tract, which 


is usually taken as a critical organ, "he remainder is eliminated 
by exhalation and swallowing. 
Fraction Retained in the Body 


The rate of elimination from the blood and tissues of the body 
varies considerably for different elements or compounds. The 
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time required for one-half of the original quantity of radio- 
active material to be removed from the body by biological 
processes is called the biological half-life. 


Some materials in the blood stream are eliminated rapidly 

from the body whereas large fractions of others are deposited 
in the body organs. For example, radium, plutonium, and 
strontium are deposited in the bone where the rate of turnover 
is very slow; i.e., the biological half-life is many years, 
Radioisotopes of these elements are much more hazardous than 
those of carbon, sodium, and sulfur which have biological half- 
lives of a few days or weeks. The principal biological methods 
of elimination of radionuclides from the body are the urine, feces, 
exhalation, and perspiration. Usually elimination is much more 
rapid before the radionuclide is translocated from the body to a 
more permanent area, such as the bone. This time is usually 
of the order of a few days to a few weeks. After the initial 
period, the elimination rate becomes more nearly exponential, 
and the application of the term "biological half-life" has more 
meaning. 


3. Organ or Tissue in Which Retained* 
a. Radiosensitivity 


Certain body organs or tissues are more radiosensitive 
than others. For example, the lymphatic tissue and bone 
marrow are much more radiosensitive than muscle or 
nerve tissue. Therefore, in equal concentrations, an 
element like plutonium is more hazardous than uranium be- 
cause the plutonium concentrates in the most sensitive part 
of the bone, whereas the uranium goes to other portions of 
the bone, to the kidneys, and to other relatively insensitive 
organs. 


*In certain instances, an organ of the body, such as the GI tract or lung, may 
receive a significant dose due to the mere presence of the radionuclide in ma- 
terial inhaled or ingested. Under these circumstances, the organ so exposed 

(even though not absorbing the radionuclide) may become the "critical" organ. 
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Size 


For a given number of microcuries of a radionuclide ina 
critical organ, it follows that the smaller the organ the 

greater the concentration and the greater the dose delivered 

to the critical tissue. JIodine presents a much greater pro- 
blem than sodium, since the iodine is very selectively absorbed 
in a much smaller organ, the thyroid gland, whereas sodium — 
is rather uniformly distributed throughout the whole body. In 
many cases the radionuclide is deposited in a large organ 

but localized in a small portion of that organ, so that, in 
effect, the mass of the critical tissue may become very small. 


Essentiality 


Some organs are either not essential to the body function, or, 
when they are damaged or removed, special steps can be 
taken to supplement or compensate for their reduced function. 
For these reasons damage to the bone-marrow, kidneys, eyes, 
etc., represent, perhaps, a greater hazard than equal tissue 
damage to the thyroid gland. 


Physical Properties of the Radionuclide 


a. 


Type and Energy of Radiation 


The hazard is proportional to the relative biological ef- 
fectiveness of the radiation; e.g. alpha radiation is more 
damaging than beta radiation for a given energy of radiation. 
As the energy of the radiation is increased, the damage also 
increases. 


Half-life 


The shorter the physical or radioactive half-life of a radio-— 
nuclide, the less is the biological hazard. The radioactive 
half-life and the biological half-life may be combined into a 
single "effective" half-life by means of the formula: 
. (T) X(T) 
Tore ee 
T. + Ty 
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C. Calculations of Radioactivity Concentration Guides 


As an example of the approach used in determining RCG values, the 
case of cesium-137 is illustrated. (4) . 


l. 


The element cesium is distributed rather uniformly throughout 
the body. Therefore an RPG for the radiation worker of 5 rems 
per year is selected for any radioisotope of this element. 


Experimental and theoretical studies have shown that the presence 
in the body of 30 microcuries of Cs137 will yield a whole body 
dose rate of 5 rems per year. This quantity, 30 microcuries, is 
referred to as the ‘permissible body burden" for Cs?’', 


If, however, 30 microcuries of csi3? were deposited within the 
body, it would not remain there long because of biological 
elimination and radioactive decay. Therefore, a certain amount 
could be ingested continually without exceeding the permissible 
body burden. ; 


A "standard man" consumes approximately 2200 milliliters of 
water per day. Approximately one half of this_is ingested during 
the working hours. If the daily intake of cs137 via drinking water 
is to be limited such that the "permissible body burden" will not 
be exceeded (and the average yearly radiation worker whole body 
dose rate not exceed 5 rems), then the concentration of this nuclide 
in drinking water must not exceed 4 X 10°* microcuries per 
milliliter. This value, 4 X 1074 pc/ml, is the Radioactivity 
Concentration Guide (RCG) for Cs!37 in drinking water for con- 
sumption by radiation workers, based on an 8 hour per day, 40 
hour work week for a radiation worker. 


In a similar manner, it can be shown that an average concentra- 
tion of 6 X 1078 pe/ml soluble Cs137 in air in the working environ- 
ment would result in a worker receiving a whole body dose rate of 
6H rems per year. 


Standardization of Calculations 


When efforts were first made to establish permissible body burdens 
and Radioactivity Concentration Guide values for the various radio- 
nuclides, it became evident that it would be difficult, if not impossible, 
to compare suggested values from the different laboratories unless all 
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used the same basic assumptions relative to the average man. Most 
of the calculations were based on the same fundamental physical 
assumptions relative to the energy schemes and radioactive half- life 
values, but each person making these calculations used his own pre- 
ferred values for the mass and effective radius of the body organs, 
the rates of ingestion and inhalation, elimination rates, etc. This 
difficulty was recognized at several major conferences, and as a 
consequence certain characteristics of the so-called "standard man" 
were agree upon. : 


V. SUMMARY 


Based on current information, Radiation Protection Guides for radiation 
dose have been recommended. These levels are subject to modification 
as more knowledge is gained. In lieu of their status and the possibility 
that any radiation dose may be damaging, it is well to recall the definition 
of the Radiation Protection Guide that radiation dose which should not be 
exceeded without careful consideration of the reasons for doing so and 
every effort should be made to encourage the maintenance of radiation 
doses as far below the Guide as practical. 


The accompanying Tables summarize the current recommendations of 
the ICRP and the Federal Radiation Council. 
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Table 1. Radiation Protection Guides 


Federal Radiation Council! 1) 


Type of exposure Condition Dose” (rem) 


Radiation worker: 


(a) Whole body, head Accumulated dose 5 times number of years 
and trunk, active | beyond age 18 
blood forming organs, : 
gonads, or leng of eye 13 weeks 3 
(b) Skin of whole body and Year 30 
thyroid 13 weeks 10 
(c) Hands and Forearms, Year 75 
feet and ankles 13 weeks 25 
(d) Bone.......2eeee-. | Body burden 0.1 microgram 


of radium-226 or its bio- 
logical equivalent 


(e) Other organs...... Year 15 
| 13 weeks d 
Population 
(a) Individual......... Year 0.5 . 
(whole body) 
(b) Average...ccccoee | 30 years 5 
: (gonads) 


“Minor variations here from certain other recommendations are not considered 
significant in light of present uncertainties. 
- 3 : | / ; | 
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May 20, 1959 


RADIATION PROTECTION STANDARDS* 


Lauriston S. Taylor, Atomic and Radiation Physics Division, 
National Bureau of Standards 


When we speak about standards we may well ask ourselves what we mean. 
To most people standards mean something firmly fixed, or at least reproduceable 
--something quite permanent or something that is quite definitely definable. As 
a matter of fact, there are very few truly absolute standards. 


We may think of physical standards - like the meter-bar with two scratches 
on it that can be stored away in a vault and which we can confidently expect to 
remain the same year in and year out. Or we may have what we call standard 
preparations. These are used, in the main, for checking measurement methods 
or techniques. For example, we have standard samples of steel which after 
careful analysis in the laboratory are sent out to the mill where they are run 
through an analysis procedure as a check on its accuracy. Or we may have 
standards of radioactivity ~ again where a radionuclide has been accurately 
measured in the laboratory and is then used to check the measurement 
technique in a hospital or some other laboratory. 


In the field of human applications we have what may be called biological 
standards. These are frequently based on some specified biological result 
produced in an animal when exposed to the particular material in question. The 
proving of a drug against a biological standard involves the exposure of a number 
of animals and then a statistical analysis of the final result. By its very nature, 
this is a procedure that cannot use man as the standardizing animal. But at 
least a procedure can be described which for most cases will determine the 
potency of a biological agent within some range of certainty. 


There is much talk today about radiation protection standards. Here, the 
so-called standards are based mainly on long experience with man working in 
a known environment of radiation and followed by the exercise of technical 
judgement as to whether or not an effect may have been produced on him. 
Radiation protection standards do not permit of direct testing. In my own 
humble opinion most of them should not be called standards at all. They might 
much better be called guides. 


*Presented at Meeting of the Washington Philosophical Society, May 8, 1959 


This material is not to be published without permission. 
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In fact most of our radiation protection standards of todpy are based 
on the absence of the demonstration of any deleterious effect. Because of our 
limited knowledge of the effect of low levels of radiation on animals, and the 
almost non-existent knowledge of the effects of small doses of radiation on 
man, the permissible exposure levels for radiation workers have been set 
low enough so that there is a negligible probability of radiation damage occurring 
to the individual exposed. 


This concept may be summed up by a quotation from the most recent 
report of the International Commission on Radiological Protection. This says: 


"The permissible dose for an individual is that dose accumulated over 
a long period of time or resulting from a single exposure, which in the light of 
present knowledge, carries a negligible probability of severe somatic or genetic 
. injuries; furthermore it is such a dose that any effects that ensue, more fre- 
quently are limited to those of a minor nature that would not be considered un- 
acceptable by the exposed individual and by competent medical authorities. 


_ "Any severe somatic injuries (such as leukemia) that might result 
from exposure of individuals to the permissible dose would be limited to an 
exceedingly small fraction of the exposed group; effects such as shortening of 
life span which might be expected to occur more frequently, would be very 
slight and would likely be hidden by a normal biological variation. The per- 
missible doses can therefore be expected to produce effects that could be 
detectable only by statistical methods applied to large groups." 


It is obvious from this criterion that radiation protection standards 
based on an absence of observable effect, could be too low. About all that 
we know is that there is rarely, if ever, an identifiable radiation effect in 
relationship to a specific known radiation exposure at the permissible level. 


On the other hand, it is also possible that our exposure standards 
may be too high. The mere fact that we have not been able to observe some 
damage does not necessarily mean there has not been damage. It may well be, 
that we simply do not yet know enough about how to observe an effect which 
may in fact be deleterious to the individual concerned. Also, when we speak 
of an observed effect" we must use great care. It could well be that radiation 
might cause some effect, without this effect being, in itself, deleterious, Great 
wisdomiwillbe required to properly define what is really deleterious. 


..The problem is further complicated, by the fact that at least at low 
radiation exposure levels, practically any effect which might be caused by 
radiation canalso occur spontaneously for reasons unknown and unrelated to 
the radiation exposure, 
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Radiation effects may for convenience be placed in three categories. The 
first of these would be somatic effects or damage to the body cells exclusive 
of the germ cells. Included in this category might be such damage as bone 
sarcoma from the deposition of radioactive material in the bone. 


The second would be genetic damage causing alterations in the germ cells 
which play a part in our hereditary process. Somatic effects, of course, are 
limited to the individual exposed, whereas genetic effects may be transmitted 
down through the family strain for generations. 


A third effect is the shortening of the average life span, or life expectaney 
of individuals. The existance of shortening ofthe lifespan hasbeen fairly well 
demonstrated in animals, but because of the complication of the problem, has 
yet to be demonstrated clearly in man. An often-quoted report on the life 
expectancy of early radiologists, as compared with other physicians, initially 
indicated an average shortening of the life span of about five years. However, 
when the same data was subjected to proper analysis the results turned out 
to be quite inconclusive. 


Life shortening, in itself, is something exceedingly difficult to define. Ft 
is rarely that this will show up as some identifiable radiation produced disease. 
For the most part the animal or man simply appears to grow old a little bit 
sooner, Or may succumb a little bit more easily to the ordinary diseases to 
wirich he is prone. But these same things can happen anyway, from a variety 
of other causes. From all we know today, life shortening effects, if they exist 
in man at all, can only be detected by the most critical of statistical studies 
on large samples of exposed population. 


One of our most important lacks of knowledge relates to the determination 
of the effects of very low level radiation exposures occurring over long periods 


‘of time. Thus far, no experiments with animals and no information on man 


have demonstrated that there exists a threshold of radiation effect. By 
threshold we mean some radiation level below which radiation damage definitely 
will not occur, and above which radiation damage probably will occur. Similarly 
we have virtually no knowledge on the linearity of radiation effécts. Is there 

an established relationship between total dose or dose-rate and a measureable 
biological effect? For the most part, the answer to this today is that we do not 
know. On the other hand some information is beginning to develop as a result 

of a careful analysis of individuals: developing leukemia. This is a clearly 
definable disease and it is known that it can be produced by radiation as well 

as by other causes. | | 


To develop some perspective on the problem of establishing radiation 
protection standards for occupational exposure, it may be interesting to go 
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back about 30 years tothe time when the first of these was tentatively put forward. 
Early permissible exposures were expressed interms ofthe fraction of a skin 
erythema dose produced by radiation under conditions where it was felt that there 
was some reasonable idea as to the amount of radiationinvolved. Ofcourse the 
amount of radiation necessary to cause anertthema was not considered as accept- 
able. The first permissible dose as proposed by Mutscheller was specified as 
1/100 of anerythema dose in 30 days. Others expressed this as 1/1000 of an 
erythema dose in 3.days. 


It must be borne in mind that up to 1928, we had no acceptable units 
of radiation dose. By the early 30's the roentgen had become established as 
an acceptable unit. Measurements then showed that the permissible dose level 
could be expressed in terms of roentgens. The value turned out to be approximately 
2/10 roentgen per day. This was recommended as the permissible dose level 
by the International Commission on Radiological Protection in 1934. In 1936 
the National Committee on Radiation Protection in this country recommended 
a level of 1/10 roentgen a day. This was mainly to correct between dose 
measurements made in free air instead of on the skin. 


Because of extensive radiobiological information gained during the 
Manhattan District operations and because of the introduction of kinds and quantities 
of radiations not considered earlier, the protection problem again came under in- 
tensive revie win this country beginning in 1946. As aresult of these studies it was 
found that the old level of 1/10 roentgen per day while probably satisfactory 
might be marginal. Accordingly, it was recommended in about 1948 that the 
level be reduced from 1/10 raentgen per day to 3/10 roentgens per week. This 
value was subsequently recommended by the International Commission in 1950. 


At the time that this study began in the late 40's, there was an acute 
awareness ofthe genetic problem. It didnot appear feasible then to establish 
any quantitative relationship between dose and geneticeffect. However, ata meet- 
ing of the International Commission in Stockholm in 1952, at which anumber of 
geneticists were present, anattempt was made to assess the situation. It was 
agreed then, that for genetic reasons the radiation exposure of the population shouwld 
be kept as low as possible, and.that preferably the average per capita dose should not 
exceed a value somewhere between 3 and 20 rems through the childbearing 
period. Unofficially, it seemed that a value of 10 rems might be satisfactory. 


Beginning in about 1955 the genetic aspects of our radiation protection 
problem came under intensive study by various groups in this country and 
abroad. Asaresult of thisthe ICRP, inApril 1956, recommended that the average 
per capita dose to the gonads not be greater thana value of the order of background 
radiation, in addition to background radiation. In June the National Academy of 
Sciencefsrecommended the specific level of 10 rems average per capita gonadal dose 
for the whole population uptoage 30. This age was selected because 50% of the 
children were born to parents ofthat age or under. 


In 1957 the NCRP stated this somewhat more specifically as follows: 
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"The maximum permissible dose to the gonads, for the population of the 
United States as a whole, from all sources of radiation including medical and 
other man-made sources and background, shall not exceed 14, 000, 000 man- 
rems per 1, 000, 000 of population over the period from conception up to age 
30 and one-third of that amount each decade thereafter. "' 


At the present time this can be broken down approximately as follows: 


TABLE I 
Background radiation 4,000,000 man-rems 
Medical irradiation 5, 000, 000 
Occupational exposure 150, 000* 
Radiation in plant environs 150, 000* 
Fallout 200, 000* 

9,500, 000 man-rems 
Balance 4,500, 000*man-rems 


*Portions subject to control. This is the part referred to later that the 
ICRP includes in its definition of genetic dose. 


At the time that the ICRP made its reoommendation with regard to 
genetic dose for the whole population, it also reconsidered the problem of 
permissible dose criteria for occupational exposure. For the principal 
purpose of holding down the genetic dose among radiation workers, it was 
found possible to further reduce the old occupational levels and still retain a 
satisfactory use of radiation sources. It was recommended that the dose for 
radiation workers not be accumulated faster than approximately 50 rems up 
to age thirty, and 50 rems per decade thereafter. This could be reduced to an 
average of 5 rems/yr or 1/10 rem per week. 


Table 2 gives a somewhat simplified picture of the trends in the basic 
permissible dose levels for occupational exposure since 1934: 
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TABLE 2 


Level 
(rems /year) 
ICRP (April 1956) 5 
ICRP (1950-1956) at 0.3 rem/week 15 
NCRP (1935-1948) at 0. 1 rem/day 30 
ICRP (1934-1950) at 0.2 rem/day 60 
Prior to 1934 100 


Considerable public attention has been directed recently to the re- 
peated lowering of the maximum permissible dose for radiation workers. 
Some comments have implied that these lowerings were clear indication either 
of dereliction in establishing the earlier standards or that the bodies responsible 
for the recommendation didn't know what they were doing in the first place. 


It should be emphasized that neither implication is valid. Nobody 
will admit more quickly than the many people who have worked on this 
problem that we still lack a great deal of information necessary to establish 
protection standards on a more quantitative basis. On the other hand the 
problem has been studied by the Nation's leading experts in the various 
aspects of the radiation protection problem. In addition, millions of dollars 
worth of research, mainly supported by the AEC, have been put into studies 
leading directly or indirectly to a better understanding of the overall pro- 
tection problem. 


A variety of factors have entered into the considerations leading 
to the successive lowering of the permissible exposure for radiation workers. 
For one thing the number of radiation workers is increasing rapidly so that 
damage, if it occurs, may involve a large absolute number of people. Also, 
beginning in the 30's, new radiation sources operating at very much higher 
potentials were developed, so that individuals were exposed to more penetrating 
radiation, which could reach cells at body depths not as seriously affected 
under the conditions of low energy radiations used earlier. Also, many new 
sources of radiation began to be developed as the result of nuclear fission. 
We now have possible, exposure to very high energy X-rays, neutrons, as 
well as the normal radiations:from radionuclides. Furthermore, because of 
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the nature of nuclear-energy operations it is much more easily possible for 
people to get radioactive material into the body where it may lodge indefinitely 
or at least long enough to do some harm. 


An important consideration in reducing permissible dose levels had 
also to do with the fact improved techniques, and procedures, and improved 
knowledge of shielding, has made it possible to work with large quantities 
of radiation, while at the same time exposing the workers to less stray 
radiation. The AEC for example, found a few years ago, that most of its 
operations were being conducted without exposing its workers, to more than 
a small fraction of permissible dose then in use. 


With this brief review of the development of protection standards 
as we now have them, let us return to look at some of the difficulties involved. 
One of the problems has to do with the relationship between the rate at which 
the radiation is delivered, and the end biological effect. We know, for example, 
that the administration of heavy doses of radiation for therapeutic purposes 
induce a form of radiation sickness in the patient, whereas the *zame “dose 
delivered more slowly in daily fractions may not produce any evidence of 
Sickness. We know also that a dose of say a 1,000 roentgens given all at once 
to the whole body of an individual will cause early death. We know just as well 
that the same amount of dose has been accepted by large numbers of our early 
radiologists without any demonstrable damage having resulted. 


These facts indicate that if the damage is not too great, some degree 
of tissue recovery must take place. Precisely how much or what the mechanism 
may be is not known, but there is no doubt that it exists. As mentioned above, 
the first permissible dose was expressed in terms of radiation exposure per 
day. It made no difference, whether the day's exposure was,delivered all at 
once, or uniformly, over the working period. Lack of evidence of any effect 
of larger daily exposures led to the adoption of one week for the time which 
the exposure might be integrated. Other proposals would have allowed inte- 
gration over a month or even a quarter of a year. Now there must be some 
point at which this extension of the integration time must cease. But so far 
there is no evidence to indicate that it makes any difference as to whether a 
permissible dose is received in a matter of seconds or in a month or two. 
This is provided, ‘of courge, that the dose is somewhere within the relatively 
low levels we are talking about. For practical reasons, some periods of 
integration have to be selected. 


Our recommendations of today say, in effect, that an individual's 
exposure should not exceed an average of 5 rems per year, but added to this 
is a provision designed to prevent abuse of the averaging period. This prdr 
vision states that within any 13 consecutive weeks the dose shall not exceed 
3 rems. 


a, 


You will notice, that up to.here the discussion has dealt rather 
loosely with "averages"; yearly averages, weekly averages, daily averages 
and soon. But it is in precisely this area that difficulties begin to arise. 
These difficulties are not introduced just because of the hazards of radiation 
itself; difficulties are also introduced because of the hazards of our legal 
procedures. Radiation has become so important to so many people that its 
control is insisted upon, and properly so of course. However, in order to 
accomplish this in due legal style it seems we must put aside our sense of 
proportions and our sense of humor and we must define our permissible 
exposure levels in terms that are all completely black or all completely 
_white. The inability of our legal procedures to deal with averages has led 
to the development of a sort of formula for expressing the maximum permissible 
dose (MPD) for occupational workers. This states that at any age thetexposure 
in rems of any individual shall not exceed 5 times the number of years of his 
age beyond 18, and may be expressed as MPC = 5(N-18) where N is the person's 
age. , 


To minimize the possibility of unduly large single dose, it is further 
specified that his exposure during any 13 consecutive weeks shall not exceed 
3 rem. It should be pointed out that this formula carries no mathematical 
magic; it is merely a convenient way for expressing the principal that we 
desire to achieve. It satisfies the legal requirements; it is something that can 
be enforced; it is something that can be managed within any particular radiation 
installation. 


As mentioned earlier, it is possible for radioactive material to enter 
the body where it may either lodge indefinitely, or be eliminated gradually. 
Elimination, of course, may take place either through the normal body pro- 
cesses or by means of natural radioactive decay. . Standards for permissible 
amounts of radioactive material in the body are derived by two different 
approaches. 


For radionuclides that are primarily bone-seekers and alpha or beta 
emitters, we fall back on the unfortunate experience of the radium dial workers 
in the 1920's. Here, through a great amount of effort, it has been determined 
that radium lodged in the body in amounts totaling less than 1 microcurie is 
not known to have. produced damage to the individual. If there are any exceptions 
to this, they are exceedingly rare. Nevertheless, to be on the safe side, a 
permissible body burden for radium has been set at the level of 1/10 micro- 
curie. In the meantime it has been determined that 1/10 microcurie of radium 
lodged in bone will produce a local dose of the order of 6/10 rem a week. 
Analysis of damage caused by radium, or other radionuclides behaving in a 
similar manner, is very complicated, and includes an understanding of the 
effects of distribution within the bone as well as the total amount present. 

For other radionuclides the acceptable amount in bone has been based on that 
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amount which will not produce a local dose greater than the same 6/10 rem 
‘produced by radium. It is on this basis that, for example, the permissible 
body-burden of 2 microcuries is set for strontium- 90. 


We have no comparable knowledge on the effect of ingested radioactive 
material on other organs of the body. It was therefore decided that the dose 
to a single organ produced by any other radionuclide should not exceed the 
level previously set for the weekly whole-body dose for external radiation; 
namely, 3/10 rems per week. This appears to be very conservative since it 
is presumed that the whole body can withstand this same dose from external 
sources of radiation. On the other hand, it is difficult to assign a factor to 
the essentiality of a particular organ in relation of the function of the body as 
a whole. 


It was mentioned above that in 1957 the basic permissible level for 
exposure of the whole body was reduced from an average of about 15 rem per 
year to about 5 rem per year. However, when we are considering exposure 
of individual body organs to radiation from ingested radionuclides, it is not 
necessary to make a reduction in the exposure of most individual body organs 
by this factor of 3. On the other hand if the gonads or the whole body is 
exposed, the reduction by a factor of 3 is considered to be necessary.. With- 
out going into further detail, you can see from this discussion, that our per- 
missible dose standards go back to different fundamental considerations under: 
different circumstances. However, cross checking as far.as we are able, 
we find that no grave inconsistencies have been introduced by doing this. 


Table 3 gives a simplified picture of the current basic permissible 
dose standards for occupational exposure. 


TABLE 3 


Basic "permissible dose" standards 
(Occupational exposure) 


External irradiation: 


Whole body, gonads, bloodforming organs, eyes -- 5 rems/yr 
(average) 


Internal Irradiation: 


Whole body, gonads, bloodforming organs -- 5 rems/yr (0. 1 rem/wk) 
Thyroid, bone (for certain radionuclides) -- 28 remsy-yr (::56:rem/wk) 


Other single organs -----------~----------- 15 rems/yr (0. 3 rem/wk) 


A remark was made above about our lack of knowledge as to whether 
radiation effects were linear or non-linear or whether there are thresholds. 
It should be pointed out that the various protection bodies, in setting permissible 
levels such as discussed above, have always operated on the basis that there 
were no thresholds and that the effects were essentially linear‘in nature. 
This, of course, may or may not be true, but if true it would imply that there is 
Bome degree of radiation damage to the human system no matter what the 
exposure level may be. This is in spite of our failure to observe specific 
effects at very low doses. Also if true, this implies that any radiation exposure 
whatsoever involves some possible risk to the individual. We are thus faced 
with the dilemma that if we are to reduce radiation risk to zero we must at the 
same time eliminate all use of all radiation. Of course we cannot eliminate 
background radiation. Again, if this is true, we must be willing to face this 
small and undefinable risk. It is something that we are accustomed to in many 
other areas of life and I will not dwell on it further at this time. 


We should emphasize again, our almost total lack of knowledge about 
radiation damage at very low exposure levels. Simply because we assume a 
linear dose-effect relationship and the absence of a threshold this does not 
necessarily make either true. The use of such assumptions however makes 
our current permissible dose levels very conservative. On the other hand, 
we must be very careful indeed as to how this is interpreted to the public. 


As already stated, all of our permissible radiation exposure levels 
are based on the absence of positive knowledge of damage. This in itself 
should provide some degree of reassurance. It means, that the percentage 
of people exposed and who have resultant damage is so small as to be essentially. 
undetectable. It may never be absent but the percentage is extremely small. 
On the other hand if one considers the entire population of a country of this 
size, while the percentage is small the absolute numbers may be appreciable. 
clere we find ourselves involved in a very serious philosophical argument. 
Do we deal in percentages or do we deal in numbers? In either case the 
individuals are not defined. 


Let us turn to another set of standards which we are compelled to use 
10r reasons that will become obvious. Radiation is produced in a variety of 
places that we comonly refer to as installations. The permissible levels 
aiscussed thus far refer to the individuals who work within these installations, 
end for whom the working conditions are extremely carefully controlled. The 
individuals are monitored; they are subject to special health precautions. On 
tne other hand if radiation escapes from the installation, as for example, 
through the wall or ceiling to.the next door apartment, or by way of contaminated 
effluents from an atomic energy plant, radiation or radioactive material may 
siibject people outside of the controlled area to an exposure over which they 
themselves have no control. For ethical as well as biomedical reasons, we 
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cannot expose these people to the same levels that may be allowed to individuals ~ 
within the plants. This is in spite of the fact that there is no evidence of damage 
to workers within the plants. 


. For people exposed outside of controlled installations the permissible 
exposure levels have been set at 1/10 of those allowed within the installation. 
This is not arbitrary in spite of the fact that no damage is presumed to have 
occurred to the people exposed to the permissible levels within the plants. On 
the other hand people outside a particular plant might be exposed not only to 
the radiation from one plant but possibly from several; there is no way of con- 
trolling this. Furthermore, because of the possible escape of radioactive 
material larger numbers of people may be exposed outside of the plant than 
inside of the plant. Even more critical is the fact that the outside population 
will contain children and pregnant women; the embryo is especially sensitive 
to radiation. We have here, a situation where an individual is subjected to 
conditions over which he himself has no control. . People outside of installations 
can be protected only by properly regulating operations within the installations. 


Thus far all of the levels that have been discussed are subject to 
direct control, and in a sense we have set standards (or preferably guides) 
by which this control can be effected. 


_ We have a very different situation involving the general population 
when this population is subjected to other sources of man-made radiation not 
subject to control from within an installation such as has been: described. For 
example we have the present-day problem of radioactive fallout. 


As already mentioned, the NAS, NCRP, and other bodies have re- 
commended-a permissible exposure for the whole population at an average per- 
capita gonadal dose not exceeding 10 rem above background up to age 30, 
from all sources of man-made radiation. Here the primary consideration is 
the genetic burden to the whole population. 


| _As far.as an individual is concerned, exposure at 1/10 the maximum 
permissible occupatidnal level appears to be very conservative. However, 
if the entire population were to receive this amount of exposure the geneticists 
feel certain that the total would be unacceptably high. For example, if we take 
the average of 5 rems per year multiplied by 1/10 and again multiplied by 30 
we would find that this would give a dose of 15 rem to the gonads up to age 30. 
_ In addition to this would be the background of 3 or 4 rems and the average 
medical exposure of 5 rems making a total of some where between 20 and 25 rems 
up to age 30. This is unacceptably high. Theraverage must be lower. | 


tis 


Table 1 showed roughly how we may stand today with regard to the 
distribution of gonadal dose from the various sources of radiation to which 
our population is exposed. 

The International Commission on Radiological Protection has 
recognized the need for some guidance in future planning of the amount of 
radiation that may be delivered to the public from all sources. Without some 
advance planning there is of course the danger that unbridled exploitation 
of radiation by industry, medical applications or weapons testing, might result 
in each of them increasing to a degree that in total would be unacceptable. For 
planning purposes the Commission has given the illustrative apportionment 
of the genetic dose shown in Table 4. 


TABLE 4 
ICRP GENETIC DOSE GUIDES 
(Excludes Natural Background and Medical Exposure) 
Available:. 5 rems, Average Per Capita Dose Up to Age 30 
Occupational 1.0 rem 5 rem/yr to 0.7% of pop. for 12 yrs 


Special groups 0.5 rem 0.5 rem/yr to 3% of pop. for 30 yrs 


Population-at- {1.5 rem 0.05 rem/yr to 100% of pop. for 30 yrs (internal 


large | emittera 
0.5 rem 0.05 rem/yr to 33% of pop. for 30 yrs (external 
radiation) 
Reserve 1.5 rem 
5.0 rem 


In developing the illustrative apportionment above, the ICRP has 
excluded both background and medical irradiation. The first cannot be con- 
trolled and is widely variable. The latter is considered separately because 
of its variability and also because other methods are being studied for limiting 
it. In addition, medical irradiation gerves a useful purpose. The remaining 
sources of irradiation correspond to those indicated in Table 1 and amount to 
5 X 106 man-rems per 106 population or an average per-capita dose of 5 rems. 
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It should be emphasized, that these suggestions of the ICRP are 
purely illustrative guides; at the present time we can see no way of enforcing 
them. . | 


We are, however, concerned in this country about the manner in which 
these recommended guides will be accepted. This concern stems from the 
fact that we in the U.S., are attempting to legislate our way through much of 
the problem of radiation protection. There is some fear that the mere mention 
of such guides as shown here may be picked up by some well-meaning legislator 
and made into law. It is clear indeed that one cannot legislate on such matters. 
One can, nevertheless, use such guides for constructive national planning; one 
can watch closely over the output from various sources of ‘radiation and if it is 
found that any one of these is proceeding in a dangerous trend, steps can be 
taken to curtail it. It is not an unreasonable plan. But the National Committee 
on Fadiation Protection in this country believes that it is wise, for the time 
being, to refrain from making specific recommendations along these lines, 
with the same degree of confidence that it has made recommendations for 
permissible dose under situations that are completely within our control. 


In due course a decision will have to be made at a high governmental 
level as to how we are going to assign the radiation exposure of the population 
to the different sources which produce it in the first place. We believe how- 
ever, that the problem is not so pressing but that we can wait for a few years 
longer before attempting to solve it in any regulatory way. To attempt to do 
this at the present time, with the meager knowledge and experience we have, 
would undoubtedly hamper the uses of radiation to a degree that could well be 
unacceptable to our society as a whole. Radiation is far too valuable an agent 
in the service of man for us to put fetters upon it in such a way that it is never 
allowed to.properly grow. But as a matter of general principle we must 
attempt to our best ability to hold down radiation exposure from all sources 
whatsoever. 
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ENVIRONMENTAL RADIATION SURVEILLANCE 


-A Review- 


INTRODUCTION 


The nuclear age has had unprecedented impact upon virtually all scientific 
fields. In industry, agriculture, and medicine, the use of radionuclides 
has provided a tool both for technological and medical progress as well 

as savings in costs - today estimated in terms of hundreds of millions 

of dollars per year in industry alone. As stationary and mobile power 
units, nuclear reactors offer seemingly unlimited applications. 


All of these benefits to mankind cannot be experienced, however, without 
some cost for health and safety. The nature of many radiation applications 
is such that a public health problem may arise through release of waste 
products to the environment. To ascertain whether or not such releases 
may be excessive, environmental radiation surveillance programs must 

be conducted. Based upon the data obtained, control measures may 

be applied if and where necessary. 


SOURCES TO THE ENVIRONMENT 


The human race has always been exposed to ionizing radiation of cosmic 
origin and from natural sources in the environment and within the body. 
Today, however, natural radioactive materials (such as uranium and 
thorium, their decay products, and potassium) are but a few of many 
radionuclides potentially affecting the health of the public. Man, through 
exploitation of the atom, has created or caused the release of a number 

of additional radiomaterials, all of which potentially challenge our environ- 
ment. Principal sources include: 


A. Uranium Production 


The United States is one of the world's largest producers of uranium. 
In the refining process the uranium is separated, resulting in liquid 
wastes which contain all its radioactive daughters including thorium, 
protactinium, radium, polonium, and bismuth. These wastes are 
stored in tailing ponds or lagoons from which seepage and direct dis- 
charge to the environment may occur. 
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B. Reactor Operations 


Radioactive wastes associated with the operation of nuclear reactors 
arise from the use of water and air as coolants, from reprocessing 
of spent fuels, and from laboratory, laundry, and decontamination 
operations necessary for supervision, maintenance, and control. 

In addition, reactor accidents could lead to serious contamination of 
the environment, 


Nuclear reactors can be operated on a continuous basis only if their 
fuel is periodically replaced. Currently, old fuel elements are 
chemically processed at selected Atomic Energy Commission 
installations. This process involves dissolution of the used element, 
chemical separation of the fission products, and purification of the 
recovered fuel. 


The major portion of the fission products is contained in high level 
liquid wastes which are stored principally in underground tanks. 


Large volumes of low-level liquid wastes, however, also result from 
various steps in the chemical-processing operation and, under 
appropriate control, a certain portion of these may be released to 

to the environment. At the Oak Ridge National Laboratory, for 
example, approximately 500,000 gallons of such wastes are discharged 
to the environment daily. 


C. Reactor Byproducts 


Several thousand universities, hospitals, and research laboratories in 
the United States are using radionuclides produced by the AEC for 
medical, biological, industrial, agricultural, and other scientific 
research, and for medical diagnosis and therapy. 


A major portion of these are distributed as sealed sources for 

external application. Such sources offer little hazard to the environment. 
A significant amount, however, is also used in unsealed forms and 

a recent survey revealed that almost one half of the users of: : - 

sources of this type discharged their wastes into sewerage systems. 


D. Weapons Tests 


As a result of the detonation of nuclear weapons, large quantities of 
radioactive materials have been introduced into the atmosphere. 
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Carried by winds, small amounts of these materials have been and 
are being deposited throughout the world. Such deposition is known 
as fallout. 


Generally speaking, fallout is currently the most important source 
of environmental contamination and this source will continue to 
provide a reservoir of long-lived fission products for many years 
to come even if international control of bomb testing is achieved. 


Environmental contamination from the sources described above permits 
radioactive materials, such as Sr99 and Ra226 to be taken into the 

body where they become potential "internal" hazards. This type of hazard 
far exceeds the "external" problem they constitute by merely being 
present in the environment. 


Through his environment, then, man is faced with a highly heterogeneous 
array of radiation sources which, in part, may gain access to his body 
through the air he breathes, water he drinks, or food he consumes. 
Through comparison of the total resulting radiation exposure with 
Radiation Protection Guides, an over-all evaluation of the health hazard 
may be made. Estimation of the exposure from such sources can anly be 
made if the levels in the environment are known. Such knowledge is 
gained through Environmental Radiation Surveillance. 


METHODS OF RADIATION HAZARD ASSESSMENT 
Two general methods may be used for evaluation of the total radiation 


exposure from environmental sources. For purposes here, these will 
be termed assessment by "'direct" and "indirect" (or 'environmental") 


‘methods. Depending on the radionuclide, estimation of exposure may be 


in terms of the dose to the whole body or an individual organ only. 


A. Direct Assessment 


This method can be used to provide a reasonably accurate measure 
of the health hazard. Two different techniques are currently practiced: 


1. Assay of Body Tissues or Wastes 


Radiochemical techniques may be employed to assay the individual 
organ or portion of the body under study, as, for example, post- 
mortem determinations on bone. Similar techniques may be used 
to determine radionuclide concentrations in body wastes (such as 
breath, urine, and feces) from living subjects. Such data can, 
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in turn, be interpreted in terms of the probable concentrations 
in the body. 


2. Whole Body Counting 


Whole body counters, employing gamma scintillation spectroscopy, 
afford a rapid means for estimating the total body burden of 
selected gamma emitting radionuclides (See Figure 1). 


Each of these procedures has certain limitations in terms of 
sensitivity, number of radionuclides which can be readily 
determined, or numbers of the population which can be involved. 
A more important limitation, however, is that each is necessarily 
accomplished after-the-fact and is therefore of little value in 
preventing the hazard already existing. Further, such techniques 
of assessment do no reveal the source of the radiocontaminants 

or their mode of entry into the body. To delineate these factors, 
an environmental assessment procedure is required. 


B. Indirect or Environmental Assessment 


The internal radiation exposure of the body or a portion thereof 

may also be approximated by a quantitative appraisal of the radionuclide 
contaminants in the air, water, and food being taken in by man. 
Evaluation of such concentrations may be made through comparison of 
the level for each radionuclide in each environmental media with the 
Radioactivity Concentration Guide (Maximum Permissible Concentration). 
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Such Guides have been calculated for a number of radionuclides and 
represent that concentration which, if continuously ingested or inhaled 
over a long period of time, would result.in whole body or organ doses 
equal to the appropriate maximum permissible dose (Radiation 
Protection Guide) for the portion of the body affected. For example, 
consumption for 50 years of water containing 10°" »c/ ml of gr 90 

will result in an ultimate maximum dose of 2. 8 rems per year to the 
bone matrix (this being the recommended maximum permissible dose 
or Radiation Protection Guide for this organ in individuals in the 
general population). Similarly, inhalation of 3 X 19° 10 pe/ ml of 

1131 in air would result in a radiation dose of 3.0 rems per year to the 
thyroid gland (this being the Radiation Protection Guide for that organ 
for individuals in the general population). 


Thus, it is possible to estimate the dose rate to any particular body 
organ provided the average concentrations of the appropriate 
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Radiations from within a patient’s body cause flashes in a liquid eae 
which is shielded from external radioactivity. The “whole-body counter” 
records these flashes by photoelectric tubes and spots the major sources. 


WHOLE BODY COUNTING 
Figure | 
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radionuclides in a particular oe media are known. It 

should be noted, however, that I 131 for example, will cause exposure 
of the thyroid gland whether this radionuclide gains adcess to the body 
through ingestion in drinking water, inhalation with air, or consumption 
in contaminated food. Thus, if environmental surveillance is to lead 

to accurate predictions of the total radiation dose to any particular 

body organ and ultimately to the total environmental radiation stress ~ 
being placed upon a given population group, the over-all objective of the 
surveillance program must be determination of total radionucli ’2 intake, 
regardless of. source. 


For this reason, determination of specific radionuclide concentrations in 
air and drinking water form but one part of the assessment program. 
Added to these must be similar determinations for all major food items. 
Such data, coupled with knowledge of dietary habits, may then be 

used to calculate average total radionuclide intakes for given people 

in a given area. 


IV. SAMPLING THE ENVIRONMENT 


The inter-relationship of the various environmental phases is extremely 
complex. (See Figure 2). One result of these reidtionships is that 
radionuclides in low concentrations in streams, for example, may be 

found in significantly higher concentrations in aquatic life. Because 

similar conditions obtain throughout the environment, the observation of 
acceptable concentrations in one environmental phase can never be used 
as an index that concentrations in other phases will likewise meet the 
Radioactivity Concentration Guides. | 


Current studies have shown that milk and foods represent the more 
important sources of radionuclide intake by man, intake through air, 

and water being only a small portion of the total. Nonetheless, studies 

of concentrations in the air and water phases continue to be important both 
from the standpoint of the amount of intake they represent as well as the 
fact such measurements serve as an indication of the routes by which 
contaminants are reaching foodstuffs. * Similarly, soil samples also often 


*Preoperational surveillance programs in the vicinity of major reactor or 
chemical processing plants are necessary for much the same reason. They 
provide data on normal radionuclide concentrations in the area and thus can be 
used for litigation purposes should questions arise concerning the source 

of contamination observed after plant start-up. Preoperational surveillance also 
can lead to the establishment of good public relations. 
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form a vital part of a surveillance program in that they too indicate the 
route of contamination (especially to agricultural and dairy products) and 
hence provide an insight into the application of control measures. 


CONTROL OF ENVIRONMENTAL SOURCES 


Once the presence of a radionuclide in the environment has been established, 
an initial step in its control is often the identification of its source or route 
of entry. Knowledge of the following may be helpful in this respect: 


(1) geographic location of the sampling point; 
(2) environmental media sampled; 
(3) typical origins of identified radionuclides; 


(4) radioactive and physiochemical properties of 
the contaminant. 


Once the source is known, control procedures may be applied where 
necessary. Since radioactivity cannot be neutralized or stabilized as 

is done for the more common industrial wastes, control procedures 
generally entail some method of concentration and/or confinement of the 
contaminant. The over-all relationship of environmental surveillance :. 
and how it can lead to control measures is depicted in Figure 3. 


COMMENTARY 


As seen from the discussion presented in this' lecture outline, assessment 
of the environmental radiation hazard to man, from an engineering 
standpoint, entails estimation of his total radiation dose (through 
calculations based on his total radionuclide intake) and subsequent 
evaluation of these data in terms of Radiation Protection Guides. Such 
Guides have been defined by the Federal Radiation Council as the radiation 
dose which should not be exceeded without careful consideration of the 
reasons for doing so. As a matter of policy, every effort should be make 
to encourage the maintenance of radiation doses as far below the Guides 

as practicable, 


Even with the best of control mechanisms, certain small quantities 
of radioactive material will probably always have to be discharged to the 
environment. Certainly from an economic standpoint, it would seem 


- wise,-that the growing nuclear power industry should be permitted 


reasonable use of the environment for such purposes. 
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Once radioactive materials have been introduced into the environment, 
there is little likelihood of significantly reducing the hazard without 
excessive costs. Assurance that reasonable control is maintained can 
be accomplished only through continuing assessment by Environmental 
Radiation Surveillance. 
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MEDICAL APPLICATIONS OF RADIATION 


INTRODUCTION 


Radiation (x-ray) for diagnosis has been employed since 1896, and ra- 
diation (radium) has been used for therapy since 1898. 


The use of radiation in the healing arts has brought about great advances 
in health to the population of the nation. The diagnosis and treatment of 
disease, and research in cause, life-history and cure of disease through 
the use of radiation have greatly increased our life-span, our health and 
our happiness. However, in all cases where radiation is used, the bene- 
fits to be derived from its use must be weighed against the possible harm 
that may occur from the radiation exposure. 


MAGNITUDE OF THE POTENTIAL EXPOSURE 


Medical (including dental) x-ray exposure constituents, at present, the 
largest source of external man-made radiation exposure to the public in 
the United States. 7 


A comparison of the relative magnitudes of diagnostic x-ray exposures 
with the exposure levels commonly associated with nuclear energy re- 
veals some interesting facts; among these is that dose levels involved in 
certain diagnostic x-ray procedures frequently are of the same order of 
magnitude as emergency exposure levels in the nuclear energy field. 


The average 30-year gonadal exposures from various sources to the U.S, 
population was estimated in a report by the National Academy of Sciences 
and later revised as follows: 


Background 3.0 roentgens 

Medical x-rays 4.6 roentgens 

(including dental) 

Weapons testing 0.02 to 0.4 r (average 0.1 r) 
(fallout) 


As of 1954 there were estimated to be more than 160, 000 x-ray machines 
utilized in the healing arts. This number did not include the mobile chest 
survey equipment. 
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Estimates from various sources are in reasonable agreement and indicate 
that there are approximately 38 million roentgenographic examinations 
annually of which about 32 million are made by radiologists or in hospitals, 
there are about 13 million fluoroscopie examinations per year, and there 
are about 3 million photofluorographic examinations in hospitals. In 
addition, in 1956 there were over 17, 000, 000 chest survey photofluoro- 
graphs and more than 96, 000, 000 dental radiographs. 


The dosages ordinarily employed in diagnostic x-ray are not great enough, 
except in a few cases, to cause acute radiation injury. The primary pro- 
blem of radiation effects in diagnostic x-ray work is in the field of the 
chronic or long-term effects. These chronic or long-term effects are 
generally considered in three groups, carcinogenesis, life-span shorten- 
ing, and genetic changes. In most cases, the dosages related in this 
discussion will be those to the gonadal areas. 


X-RAY AND FLUOROSCOPY IN MEDICAL DIAGNOSIS 


In hospitals the ratio of diagnostic to therapeutic x-ray machines is 7 
to 3. | 


The benefit to be derived from the x-ray examination should be weighed 
in each case against the possible harm that may result from the radiation. 
Because a patient has had several x-rays in the past does not mean that 
essential x-rays should be withheld. The use of x-rays should be 
evaluated in the light of the medical need. It is clear that only the at- 
tending practitioner is in a position to decide whether a given x-ray is 
necessary. 


A. Medical 


The diagnostic applications of radiation are innumerable, there are 
many new uses devised each year. Through the use of appropriate 
techniques we can visualize not only the bones and teeth, but also the 
various body cavities and tissues. The use of the x-ray has greatly 
aided us in probing the "hidden parts" of the body for the possibility 
of lurking disease. 


The radiation exposure from medical diagnostic x-rays (and fluoro- 
scopes) will vary from procedure to procedure, from institution to 

institution, and even the same procedure on the same machine may 
not give the same exposure on consecutive examinations. 
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The use of super-voltage radiography dates back to 1945 when the 
first chest roentgenogram at 1,000 kv was made. Super-voltage 
radiography is the preparation of roentgenograms with rays 
generated at or above 250 kvp. This technique facilitates the 
visualization of air-containing structures. The lungs, components 
of the mediastinum, pharynx, and larynx can be more clearly out- 
lined, and abnormalities of these parts might thus be detected at 
an earlier stage and demonstrated with greater clarity than would 
be possible with conventional roentgenograms. The use of super- 
voltage roentgenography to enhance conventional methods of roentgen 
diagnosis has been shown to be technically practical and clinically 
worthwile. 


The fluoroscope can be potentially the most dangerous of common 
x-ray uses, if not properly controlled. It can be potentially dangerous 
not only to the patient but also to the examiner. 


NBS Handbook 60 sets certain standards for tube-table distance, 
shielding, coning, filtering, and cumulative timer for the fluoro- 
scope. In addition, it states that "For routine fluoroscope the 
dose rate measured at the panel or table top shall be less than 10 
r/min", 


Handbook 60, in addition to recommendations for fluoroscopy, also 
makes recommendations for the x-ray equipment, the room housing 
the equipment, and patient and operator safety. 


Presently available techniques and equipment will reduce radiation 
exposure from diagnostic x-ray as much as 50 to 75%. Among these 
are high voltage, filtered beam, beam restricting(coning), employ- 
ment of fast film and screens, and full development of films. 


In addition, certain other measures such as adequate tube housing, 
shielding of body parts not to be exposed, and other precautions on 
an individual basis can be taken. More elaborate equipment such 
as mirror-optics in photofluorography and electron image intensi- 
fiers also will reduce unnecessary exposure. 


B. Dental 
Nolan (1952) and Fixott (1956) have found that a considerable number 


of dental x-ray units are being operated in an unsafe manner. Patients 
were receiving thyroid dosages (depth dose) which markedly exceeded 
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the thyroid dosages calculated for the Windscale accident, These 
were on surveys where the "full mouth" series was done. 


The usual "full mouth" series consists of 10, 14, or 28 individual 
films depending upon which institution is doing the survey and also 
upon the specific problems involved. 


By proper application of filters, cones, and fast film it was found 
that the skin dosages could be reduced by 10 times or more. 


IV. RADIONUCLIDES IN MEDICAL DIAGNOSIS 


Hundreds of hospitals now use radionuclides as part of their diagnostic 
equipment. However, this field is still young, and there is much room 
for future development. 


In general there are three categories of diagnostic uses of radionuclides: 
1) Dilution techniques; 2) Flow or diffusion measurements; 3) Biochemical 
concentration. 


A. Dilution Techniques 


1, Blood Volume: - [-131 labeled human serum albumin is in- 
jected into the blood stream. After a suitable time (10 to 15 
min) an aliquot of blood is removed and the amount of activity 
in the sample is compared with the total amount injected. 

The dilution gives a measure of the volume. 


2. Water Volume: - Can be measured in a Similar manner to 
blood volume, but tritium or deuterium labeled water is in- 
gested (not injected). This dilution technique can give a 
measure of total body water. 


3. Extracellular body water: - Can be measured in a similar 
manner using Na-24, or Br-82 as tracers. 


4. Red cell masses: - Can be determined by using Fe-59 or Cr-91 
labeled cells. The Fe-59 labelling must be done in the human 
body, and thus requires a donor. Cr-51 can be done on a speci- 
men of the patient's own cells. 


5. Other radionuclides useful in this technique are P-32 and C-14 
glycin. | 
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B. Flow or Diffusion Measurements 


1. 


Cardiac output: - A given amount of iodinated serum albumin, 

or of Na-24 labeled material, is injected into one arm. A 
continuous monitoring of an artery distal to the heart can re- 
cord the time for circulation and also the amount of blood pumped 
in a given time, by recording time and amount of radioactivity. 


Peripheral Vascular Disorders: - Much the same techniques as 
for cardiac output and circulation. A given amount of radio- 
active material is injected into one arm, or other convenient 
place, and the time required for it to reach another place (e.g. 
the opposite arm) is a measure of the circulation time. Vascular 
constriction and consequent circulation restriction can be 
measured inthis manner. Na-24 and P-32 are used in this test. 


C. Biochemical Concentration 


1. 


2. 


Liver function tests utilizing I-131. 


Thyroid disorders: - This is the best known radionuclide diagnostic 
test. I-131 is selectively concentrated by the thyroid. A known 
amount of I-131 is given to a patient and then after a suitable time 
the thyroid region is counted. This measures the percent uptake. 
The activity of the thyroid is compared with a reading of an equal 
amount (control), 


Location and extent of malignancy: - Where thyroid cancer has 
metastasized to other parts of the body, a diagnostic dose of 
I-131 followed by whole-body scanning can frequently localize 
areas of thyroid cancer. 


P-32 has been used to localize brain tumors, but an internal 
probe is required for this method. The use of I-131 tagged 
human serum albumin can be used to localize tumors not found 
by other means. This method is fairly accurate. 


Cu-64, K-42 and arsenic-74 have also been used in tumor 
localization. 


V. THERAPEUTIC RADIATION 


A, Therapy with Machines 
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The x-rays as a therapeutic tool has been utilized for many years. 

The therapeutic x-ray is quite flexible. Very soft Grenz rays can 

be used for superficial therapy, for treatment of skin malignances. 
However, even when very low energy Grenz rays are used, there will . 
still be some unwanted radiation going through the superficial layers. 
into the body. This penetrating radiation can be avoided by the use 

of the proper radionuclide in place of x-rays. 


More penetrating radiation is used for irradiation of deeper 
structures. This is the field of the super-voltage x-ray therapy 
unit. In order not to cause skin burns, the deep therapy is done 
through several "ports", or entrance areas. On some units a 
form of "rotational" therapy is used. This is more adaptable to 
the cobalt units than to x-ray. 


Particle accelerators are being used in the treatment of several 
types of malignancy. 


Therapy with Radionuclides 


The therapeutic uses of radioisotopes are grouped under three general 
modes of application: (1) biochemical placement, (2) physical place- . 
ment, and (3) teletherapy. A fourth, or perhaps just a subdivision of 
physical placement, is the placement of inactive materials in the 
tumor and then activate the substance with a neutron beam. 


1. Biochemical Placement 


(a) Selective absorption of a material needed by a particular 
tissue for its special function. An example of this is the 
selective absorption of iodine by the thyroid. 


(b) The differential turnover due to the increased use ofa 
material in the more rapid metabolism of a particular 
tissue. An example of this would be the metabolism of 
phosphorus by the bones and blood forming elements. 


2. Brachytherapy 


(a) As solids, such as cobalt-60, it can be used for insertion 
into body cavities in the same devices as have been used 
for a long time in radium therapy. As seeds, wire, or 
needles the various nuclides (Co-60, irridium-192, tantalum- 
182, Au-198, palladium and yttrium) can be implanted directly 
into the tumor to be irradiated. 
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Medical Applications of Radiation 


(b) As liquids, (either colloids, chelates, or suspensions), in 
the appropriate carrier they can be used for intracavitary 
injection and instillation, intravenous injection, and inter- 
Stitial injection. In this manner they can be used as a dis- 
persed source, or with intravenous injection they will be 
transportated to inaccessible parts. A good example of 
the latter is the involvement of the lymphatic system in 
cases of cancer where the spread of the disease occurs 
through the lymph channels. By injecting radiogold colloid 
into the veins the gold reaches the lymph nodes and is there 
filtered out. Since the lymph nodes had done the same thing 
with the cancer cells, the radiation and the partto be irradiat- 
ed are in juxtaposition. 


Topical application and ophthalmic applicators may be 
either solid or liquid, they are the radionuclides which give 
beta radiation so that only the superficial layers are 
irradiated. Sr-90 and P-32 may be used for this purpose. 


Teletherapy 


Co-60 is most common source. Its penetrating beam is equivalent 
to a 2 Mev peak x-ray unit. It is much easier to handle than is the 
x-ray unit as it is smaller and may be rotated in many planes. 
There are two classes of cobalt units, the 'hectocurie” units 
which contain only a few hundred curies, and the "kilocurie" unit 
which contains a few thousand. curies. The hectocurie unit may 

be light enough to roll from place to place whereas the kilocurie 
unit must have a permanent installation. 


Cesium-137, because of its relative longer half-life, has some 
advantages over cobalt -60 inteletherapy. It is of lower energy, 
and shielding requirements are less rigorous. However, Cs-137 
is much more difficult to produce in the quantities required than 
is cobalt. 


Neutron-capture Therapy 


Utilized in treatment of certain brain tumors. A stable isotope 
is made active by neutron activation after the isotope has been 
concentrated in the tumor through biochemical means. Boron-10 
is the isotope most frequently used. | 
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VI, RADIONUCLIDES IN MEDICAL RESEARCH 


Radionuclides are being used in almost every phase of medical research, 
particularly the field of physiology. 


All types of minerals, vitamins, and compounds that are essential to the 
growth and well-being of the human body have been studied by labelling 
particular chemical groups, or the entire molecule under study with 
radioactive materials such as Na-24, C-14, Fe-59, Cr-51, P-32 and 
others. 


In this manner we can study the metabolism of calcium, sodium, phosphorus, 
potassium, proteins and nucleic acids. 


Cholesterol metabolism is another field that is becoming more prominent, 
particularly in relation to cardio-vascular disease. Cholesterol meta- 
bolism can be studied using C-14 labeled materials. 


Of great importance is the action of drugs upon body cells, upon the 
pathogenic bacteria, and upon other body chemicals, I-131, C-14, Na-24 
and other isotopes are used to label drugs. 


THUS WE SEE, THAT ALTHOUGH RADIATION IS A POTENTIAL HAZARD 
STILL IT HAS GIVEN US MANY MEDICAL ADVANCES AND PROMISES 
TO GIVE US EVEN MORE RAPID ADVANCEMENT. 
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LABORATORY DESIGN AND CONTAMINATION CONTROL 


I, INTRODUCTION 


A. 


In radionuclide laboratories, effective control in the handling of 
radioactive materials must be accomplished to: 


1. Protect personnel, including the radiation worker and people 
beyond the control area due to release or transport a radio- 
active materials. 


2. Minimize interference with radiation measurements which 


may adversely affect scientific work. 
To provide such control requires: 
1. Proper design of laboratory facilities and equipment. 
2. Suitable working practices. 


These aspects become more important in laboratories using larger 


amounts of radionuclides. To assure that adequate protective measures 
are being maintained, an inspection program entailing monitoring of both 
the laboratory area and of personnel is required. 


Il, LABORATORY FACILITIES 


A. Layout of Working Areas 


1. Segregation of potentially radioactive areas including laboratories, 
wash and change rooms, counting rooms, ventilation systems, etc. 
is of utmost importance. 


2. Segregation of areas employing various levels of activity or types 
of radiation sources will facilitate control and/or decontamination. 


3. Access of the facilities to unauthorized persons should be mini- 
mized. 


Building Materials 
Materials should be selected having minimum susceptibility to 
contamination, which are easily decontaminated and which are resist- 


ant to corrosion. Both cheap "one-use'' replaceable materials and 
expensive "multi-use" decontaminatable materials are available. 
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Conventional chemical laboratory construction materials are suitable 
in laboratories employing tracer quantities of radioactive materials. 
For higher levels of activity, or for work with the more hazardous 
radionuclides, certain modifications are recommended. 


1. 


Flooring 


Asphalt, rubber, or vinyl tile are preferred. Surface should 
be coated with a hard wax followed by a solvent-soluble wax to 
facilitate decontamination. 


Walls and Ceiling 


Concrete or wood covered with a hard, non-porous, washable 
paint is usually adequate. Strippable-type coatings are desirable 
if spills or condensation may occur. 


Working Surfaces (Benches, efc.) 


Stainless steel is usually preferred but not mandatory. Cheap- 
er materials such as masonite or stoneware covered with vinyl 
resin may be adequate. To facilitate decontamination, the surfaces 
are commonly covered with blotting paper or thin polyethylene 
sheets. 


Appurtenant Equipment 


1. 


In general, equipment and furniture should be kept to a minimum 
and constructed of material that is easily cleaned. 


To confine contamination when handling radionuclides, special 
facilities are required such as: 


a. Glove or dry boxes 


Consists of a closed box maintained at slightly below atmos- 
pheric pressure. Suitable for alpha and low energy beta 
emitters. 


b. Hoods 


Designed and located such that air currents always directed 
toward hood opening. Recommended hood face velocities 
usually from 50 to 100 ft. per min. Hood exhaust system 
always at negative pressure to reduce leakage. 


To protect personnel from external radiation hazards, shielding 


materials, remote handling equipment, and special storage facili- 
ties may be required. 
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4. To facilitate waste disposal, waste containers should be provided 
for various types of waste (i.e., solid, liquid, long half-life, etc.) 
These may consist of carboys placed in non-breakable containers 
for liquid wastes and non-porous bags for solid wastes. For 
certain laboratories, special plumbing may be required to collect 
sink drainage in carboys for storage. | 


Il. WORKING PRACTICES 


The radionuclide worker is similar to the bacteriologist in terms of 
the potency of materials handled and his responsibilities in protecting him- 
self, his fellow-workers, and the general public from the spread of contam- 
ination. 


A. Protection of Working Personnel 


The following are certain of the safety rules which may be employ- 
ed for self-protection: 


1. Practice or "dry" runs should be performed prior to undertaking 
any new procedures with radioactive materials. 


2. Protective clothing should be worn. In certain operations, gas 
masks or air-supply masks and impermeable clothing may be | 
required. Street clothing should be kept in separate lockers from 
work clothing in a room not likely to be reached by airborne con- 
tamination. Special arrangements for laundering work clothing 
may be necessary. 


3. Pipetting by mouth, smoking, or eating in work areas should not 
be permitted. 


4. Use of glassware having no chips or cracks will reduce the prob- 
ability of accidents and resultant contamination of wounds. 


5. Double containers should be used to confine contamination in case 
of spills. 


6. Frequent washing of hands should be routine practice. Sinks 
should have treadle or knee-operated faucets. Showers should be 
available. 


¢. Thorough cleaning of laboratory areas should be routine practice. 
In any such decontamination procedure, a standard routine is to 


a. try water first. 
b. next, try water with soap, detergent, or a wetting agent. 


c. if not successful, try special decontaminants such as com- 
plexing agents, avoiding any harsh scrubbing. 
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8. In event of a "spill" or accident involving the contamination of an 
area, a standardized approach should be followed: 


a. Limit the transport of contamination by limiting the access 
or egress of the area to personnel. 


b. Prevent the spread of contamination by applying absorbing 
materials such as blotting paper to a liquid spill. 
gees | 


c. Determine extent and hazard of contamination prior to attempt- 
ing decontamination. ? 


B. Protection of the General Environment 
If properly followed, the above rules relative to limiting the spread 
of contamination should ensure environmental safety with the exception 
of waste disposal practices. Specific waste disposal criteria for air- 
borne, liquid, and solid wastes have been adopted by the AEC (see ref- 


erence 5) and apply accordingly to all laboratories licensed to receive 
AEC byproduct materials. 


REFERENCES: 

1. "Laboratory Design for Handling Radioactive Materials", NP-3875 (May, 
1952) available from Building Research Advisory Board of the National 
Research Council at $4.50. 

2. "Radioisotopes in Industry", J. R. Bradford, Reinhold Publishing Co. (1953). 


3. NBS Handbook 48; "Control and Removal of Radioactive Contamination in 
Laboratories''. 


4. NBS Handbook 42; ''Safe Handling of Radioactive Isotopes". 


5. Title 10, Chapter 1, Part 20 "Standards for Protection Against Radiation". 
Federal Register, Vol. 22, No. 19, (Jan. 29, 1957). 
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CONTAMINATION MONITORING 


INTRODUCTION 


Adequate monitoring is the first step in detection and control of 
radioactive contamination. Successful monitoring requires a 

' knowledge of the factors which affect the behavior of the contaminant. 
Some factors are the type of radiations emitted, the relative volatility, 
the density, the chemical state--solid, liquid, or gaseous, the amount 
present. Also of prime importance are the external forces which act 
upon the contaminant. Such actions are tracking by workers, move- 
ment by air masses (fans, hoods, air conditioners), flow by gravity, 
dispersion by explosion, etc. Such information coupled with knowledge 
of the operations which may generate the spread of contamination will 
suggest the type of monitoring to be used. 


AREA MONITORING 
Although the above considerations may lead to more definite conclusions, 
in general, laboratory contamination will tend to appear in the following 
places: | 
A. Floors 
Can occur by direct spills. Danger that the material will be tracked 
into adjoining halls, offices, locker rooms, etc. 
B. Horizontal Surfaces 
Airborne activity will settle out on horizontal surfaces, floors 
included. 
C. Sticky and Oily Surfaces 


Will tend to collect and hold contaminants. 
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D. Air Filters 
Air filters in hoods, air conditioners and vacuum cleaners, are 
very efficient collectors of airborne activity. 

E. Mops and Brooms 
A quick check of mops and brooms will give an indication of the 
condition of the floors. 

F. Hand Tools 


Wrenches and plumbing tools are particularly prone to collect 
contamination. 


G. Sinks and Drains 


Liquid materials tend to collect in traps and elbows of drains. 


H. Washing Basins and Laundry Machines 


Will concentrate and hold the activity. 


DIRECT USE OF SURVEY INSTRUMENTS 

The first line of surveying will usually be done with portable survey 
instruments. Some common instruments and pertinent information 
for monitoring each type of radiation is listed below. 

A. Alpha Monitoring 


1. Samson, Juno, Zeuto, Poppy, and Scintillation counters used. 


2. The instruments are calibrated and used in close proximity 
with the surface to be monitored. 


3. Care must be taken to avoid contamination of instrument. 





Contamination Monitoring 


Scintillation type instrument may be preferred because it 
has no response to beta or gamma radiations and is very 
sensitive to low level alpha activity (approx. 20% eff.; has 
50% geometry). May detect as low as background. 


B. Beta Monitoring 


1. 


2. 


3. 


Cutie Pie, Juno, Beta Scintillation, and Geiger-Mueller 
counters used. 


The G-M counter is very sensitive to betas but does not dis- 
criminate well between beta and gamma and is difficult to 
calibrate for beta. The beta scintillation instrument is not 
sensitive to alpha or gamma radiations and can be calibrated 
with disks and used in close proximity with the surface. The 
cutie pie and Juno are usually not sensitive enough for low 
level monitoring. 


Care must be taken to avoid contamination of instrument. 


C. Gamma Monitoring 


1. 


Cutie Pie, Juno, Geiger-Mueller, and Gamma Scintillation 
counters can be used. 


The scintillation counters in many cases will be too sensitive 
while the cutie pie and the Juno will not be sensitive enough. 
The G-M counter is perhaps the most satisfactory. Head- 
phones should be used as they provide greater sensitivity and 
ee of use. The instruments are usually calibrated with 
Ra 


D. Special Monitoring Instruments 


Some instruments have been developed to do special monitoring 
jobs. A brief description of two is given below. 


Hand and Foot Counter: This is a line operated G-M scaler for 
the monitoring of hands and feet for beta- gamma contamination. 


Contamination Monitoring 


[V. 


1, Openings are provided into which the hands and feet are 
inserted and counted. 


2. Provides 5 channel scaler and power supply system with 
automatic controls to time the counting operations in 


proper sequence. 


3. One scaling channel is provided for each side of each hand 
and one for the soles of both feet. 


4. Each hand channel is operated by 2 thin wall counting tubes, 
individually shielded to provide low background. 


9. The foot channel is operated by 4 shielded counting tubes, 
two to each foot. 


6. Manual reset. 

7. Minimum beta energy sensitivity is 200 Kev. 

8. Dimensions: 76" high, 32" wide, 24" deep. Weight: 600 Ibs, 
Laundry Monitor: The laundry monitoring instrument used 
for beta-gamma detection consists of a standard scaler with 
four G-M tubes feeding into the scaling unit. The tubes are 
arranged over a lead lined table, and covered with a wit 
mesh screen on which clothing is placed for counting. 


a. Automatically reset and timed. 


b. 20" X 20" table-top sensitive area opening over each set 
of G-M tubes. Total sensitive area 800 sq. in. 


c. Dimensions: 6' X 3! X 3'. 


SMEAR TECHNIQUE 


The smear procedure for monitoring consists of smearing a given 
area with a piece of filter paper and counting the paper with a scaler. 


A. Some Advantages of this System are: 
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Contamination Monitoring 


Results can be obtained in areas of high background. 


The procedure is extremely simple as long as a scaler 
is at hand. 


This process is more sensitive than most survey meters. 


. Information is obtained on the amount of activity present 


that is easily removed. It is this easily removed activity 
that contributes to inhalation and ingestion. It is this ma- 
terial which will be removed by decontamination procedures. 
Thus smearing is a check on the effectiveness of decontamination. 


B. Perhaps the major disadvantage of this system is the error intro- 
duced by the crudeness of the sample collecting. Thus to give re- 
producible results a system of standardization must be developed. 


C. The standard procedure used by the Radiation Safety Officer at 
the Center is outlined below: 


Ti 


2. 


A piece of 3 to 5 cm. filter paper is used. 


The first and second fingers are placed on the paper and an 
area 9 X 9 inches is smeared. This area is chosen because 
it is the size of the floor tiles and thus a handy reference is 
available. 


The smear is alpha counted in an internal proportional counter. 
If high levels of contamination are suspected, the smear should 
be first counted with a survey instrument. This will prevent 
contamination of the IP counter. 


The smears are usually counted for beta-gamma on an end 
window G-M counter. This eliminates the problem of charge 
build-up and contamination encountered inthe IP counter. 


V. SOURCE MONITORING (Leak Testing) 


One of the most critical monitoring chores is the monitoring of sealed 


sources. 


A description of leak testing procedures suggested by the 


AEC is given in the Appendix. 


Contamination Monitoring 


VI. 


ee ree ee 


It will be noted that some of the suggested systems of testing are 
rather laborious and time consuming. For low and intermediate 

level sources, the wipe test is perhaps the most satisfactory. Another 
system which is employed at the Center is to store the sources ina 
wrapping of cotton. Then periodically the cotton can be taken out and 
monitored with a survey meter. This provides a simple continuous 
monitoring system. 


MAXIMUM PERMISSIBLE LEVELS OF CONTAMINATION 


Although the philosophy of contamination control is to keep the levels 
as low as possible, it is necessary to set a maximum permissible 


level. 


A. The derivation of maximum permissible levels of contamination of 
inanimate surfaces by H. J. Dunster (Contamination of Surfaces by 
Radioactive Materials: The Deviation of Maximum Permissible 
Levels, H.J. Dunster, Atomics, August, 1955) results in the 
following levels: 


MPL (pe fea) 


Site Contaminant 
Inactive Pu. Ra. Ac. Po. 10° 
Locations Other alpha emitters 10, 
All beta emitters 4X 10 
-4 
Active Pu. Ra. Ac. Po. 10, 
Locations Other alpha emitters 10_. 
All beta emitters 4X 10 


It must be recognized that these values include no safety factors 
or allowances for exposure from other sources and must be con- 
sidered absolute maximum levels. In general, it would never be 
desirable to operate at levels this high. 


-B. The Oak Ridge National Laboratory suggests for general plant 


surfaces (ORNL-332 Applied Health Physics Radiation Survey 
Inst. pp 118-122). 
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Contamination Monitoring 


Total Activity - Alpha 300 d/m/100 Sin’ or 1.4 xX 107° eens 
Beta-Gamma 0.25 mrep/hr 

Transferable Alpha 30 d/m/100 cm” or 1.4X 107! we /em* 

eaty, Beta-Gamma 1000 d/m/100 ene or 4.5 X 107° even 


These levels are a factor of 1000 lower than the above levels and 
are more desirable to use. 


Applying these levels to smears, an IP counting rate of 15 c/m/100 
cm’ smear of alpha and 500 c/m/100 cm? smear of beta or a G-M 

counting rate of 100 c/m/100 cm2 smear of beta would be the MPL. 
It has been found that it is possible and practical to maintain levels 
a factor of 10 less than this at the Center. 


The 0.25 mrep/hr for total ectasaamnise activity can be applied» 
to the survey instruments as MPL. 


The MPL's for skin and clothing should be as low as decontamination 
will reduce it, but the 0.25 mrep/hr could be used as an MPL. 


This outline was prepared for the Training Program by Mr. George I. Coats, 
Radiation Safety Officer, SEC, 
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WASTE DISPOSAL FOR RADIONUCLIDE USERS 


INTRODUCTION 


On a curie basis, the overall magnitude of the waste disposal problem 
associated with radionuclide users is very small in comparison with 
that associated with the atomic energy industry itself. Nonetheless, 
wastes from such users pose unique problems in many instances. 
These problems are magnified in that users may not be experienced 
in waste disposal techniques, and special radioactive waste treatment 
facilities are not usually available. In addition, a number of individual 
users in a community may be using the same sewerage discharge for 
dilution purposes, in which case the additive effects may result ina 
potential health hazard. Almost half of such users, for example, dis- 
charge their liquid wastes to the sewer. | 


WASTE DISPOSAL CRITERIA 


Generalized disposal criteria for radioactive contaminants have been 
developed by the National Committee on Radiation Protection and 
Measurements (NCRP) 2). These recommendations, in the main, are 
being given official status through their publication in the Federal 
Register by the U. 5S. Atomic Energy Commission. 


A. The principal criterion, as recommended by the NCRP, states: 
"Users of radioactive material shall release these materials 
only in such manner that the radioactive material discharged, in 
combination with that discharged by other users, will not cause 
contamination of the environment that may result in a person or 
persons reoeiving an excessive radiation dose. '' The average 
concentration of a radionuclide in air or water in the neighbor- 
hood of atomic energy installations should not exceed 10 percent 
of the menu permissible levels recommended for radiation 
workers, ‘4) — 


B. Because the above criteria apply to point-of-use, users may take 
advantage of such factors as decay, dilution and dispersion in the 
environment to enable higher levels of activity to be released at 
the point-of-discharge. | 
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Waste Disposal for Radionuclide Users 


1. Inthis regard, specific waste disposal criteria have been 
developed by the NCRP for Leen of iodine-131 and 
phosphorus-32 into public sewers‘*’ and for discharge of 
carbon-14 into the atmosphere and into sewers‘"’, 


2. Discharge eons for other radionuclides may be found in 
10 CFR Part 20. These regulations, among other things, 
prescribe limitations which govern concentrations of radio- 
active material which may be discharged into air or water, 
proper procedures for disposal of radioactive wastes, and © 
limits on levels of radiation outside of restricted areas. 


Il, METHODS OF DISPOSITION 


At present, there are two general philosophies governing the dis-. 
position of radioactive wastes by radionuclide users. The first is 
the philosophy of dilution and dispersion - that is, the reductign of 
the concentration of radionuclides by carrier dilution or dilution in 
a receiving medium to the point where the nuclide or mixture is no 
longer likely to be reconcentrated to a hazardous level. 


Disposition by this method depends upon the characteristics of the 
wastes and the receiving medium. Where dilution and dispersion are_ 
not feasible, the second philosophy of radioactive waste disposition is 
utilized; this is the process of concentration and confinement. Such 
procedures usually entail the reduction in volume of wastes with sub- 
sequent storage of the concentrated fraction for decay purposes, It 

is important to note that none of the so-called ''treatment" methods 

for radioactive wastes is anything more than a method of "handling", 
natural decay being the only known process that will reduce the activity 
of such substances, | 


A. Air-Borne Wastes 


The two philosophies of waste disposition for radioactive materials 
can be applied to the treatment of air-borne wastes through venti- 
lation (dilution) and decontamination (concentration), Examples of 
ventilation include discharge from hooded operations to the at- 
mosphere under conditions which provide dilution to safe limits. 
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Waste Disposal for Radionuclide Users 


In venting wastes, the height of the discharge’ should be established 
on the basis of meteorological conditions in the area, the distance 
of areas to be protected, and whether or not the discharge is con- 
tinuous or intermittent. 


Decontamination processes vary, depending principally on the 
physical state (dissolved or particulate) of the contaminant. Typi- 
cal radioactive gases include iodine, krypton, and xenon. Iodine 
can be removed by scrubbing or by reaction with silver nitrate. 
The noble gases may be removed by complex adsorption pro- 
cesses, Standard separation techniques are used for removal of 
particulates. These techniques include settling chambers, filters, 
scrubbers, mechanical or centrifugal separators, and electro- 
static precipitators. Where the temperature of exhaust gases is 
lower than 275°F, high efficiency filter media of kraft paper and 
asbestos fiber in wooden frames may be used, If air temperatures 
are higher, the filter media are made either of all glass fiber or 
of glass and asbestos fiber, housed in metal holders. High ef- 
ficiency filters have been designed with a removal efficiency of 
99, 95% (decontamination factor of 2,000) for particulate material 
as small as 0.3 microns. 


The concentrated radioactive materials resulting from these de- 
contamination processes are commonly in solid form and should 
be handled accordingly (See Section C). 


Liquid Wastes 


Methods for the disposition of liquid wastes include dilution for 
low-activity wastes and storage for high activity wastes, Inter- 
mediate level wastes may be treated by various physical and 
chemical methods which serve to separate the waste into a 
relatively non-radioactive portion which can be disposed by di- 
lution and a high activity portion which must be stored. Again, 
such processes merely serve to reduce the volume of material 
which must be handled. , 


1. Perhaps the first consideration for handling liquid wastes 
from radionuclide users is sewer disposal. Proper dilution 
in this approach may be accomplished either by using the 
receiving waters or stable counterparts of the radioactive 
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isotopes as diluting materials. For obvious reasons, only 
radioactive materials in water soluble form are amenable 
to this approach. The criterion governing this procedure 
is to reduce the concentration of radioactive material to a 
point where it can no longer constitute a significant hazard 
either directly to humans or indirectly through aquatic life. 
Thus dilution must take into consideration the concentration 
of certain materials that take place in various forms of 
aquatic life. Algae, for instance have been known to (spn 


centrate radiophosphorus by factors as high as 10°, 


If the radionuclide is short-lived, it may be stored until 

the activity has decayed. This method generally is not 
practical, however, for materials with half-lives greater 
than 30 days. When storage is to be practiced and large 
waste volumes are being produced, reduction in the amount 
of waste may be a necessary adjunct to the handling pro- 
cedure, Evaporators designed for this purpose should in- 
clude devices to prevent entrainment and carryover of 
radioactive contaminants to the distillate. Using commercial 
units, evaporation costs have been estimated at between 6 
and 32 cents per gallon of waste handled. For the radio- 
nuclide user, simple evaporation on a hot plate may be 
sufficient. Heating should be done in a hood with the tempera- 
ture of the waste not exceeding 90° - 95°C. 


Chemical methods in current use for the concentration of 
radioactive materials in liquid wastes include: carrier pre- 
cipitation or coagulation, ion exchange, and absorption on 
selected media. Such methods may prove of value to the 
radionuclide user. 


Relatively high concentrations of radioactivity in liquids may 
represent extremely low weight concentrations, i.e., low 
"parts per million" content. As a consequence, precipitation 
of carrier-free radionuclides is usually impracticable. A 
technique utilized is to precipitate a stable isotope of the 
particular radionuclide and thus carry down the radionuclide 
as well, This process, known as carrier precipitation, can 
also be used for the separation of various radioelements such 
as strontium, etc. A similar process in which a preformed 
precipitate is utilized to carry down soluble radionuclides 
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is the process of coagulation which is familiar to water 
treatment personnel, Alum or iron salts are often em- 
ployed for this purpose. The extent of removal depends 
upon the chemical form of the radioactive material and 
other constituents of the waste, Those nuclides which are 
complexed by complexing agents or detergents may not be 
effectively precipitated. In any case, the radioactivity is 
transferred from the liquid phase to a sludge which must 
be further processed, and which may represent a disposal 
problem, in itself, 









4. Ion exchange resins, widely used for water demineralization, 
are very effective in the decontamination of waste liquids, 
although the regeneration of these resins may produce a 
liquid waste with high concentrations of radioactive material. 
For this reason, exchange beds used for the decontamination 
of radioactive waste liquids are usually run to exhaustion and 
then treated as a solid waste. Decontamination factors of as 
high as 10° have been achieved using ion exchange resins, al- 
though decontamination of mixtures may be considerably less. 


Small volumes of waste liquids may also be mixed with cement 
to form a concrete which can be buried underground or at sea. 
For further discussion on this disposal technique, see Section C. 


C. Solid Wastes 


Solid wastes may consist of laboratory glassware and other equip- 
ment used in processing radioactive materials, clothing worn by 
radiation workers, lumber and other materials from demolished 
buildings in which radioactive materials were handled, animal _ 
carcasses used in biological studies, etc. Where practical, these 
materials are decontaminated and reused. In most instances, a 
liquid waste is produced in such decontamination processes, Com- 
bustible materials which cannot be decontaminated are often burned. 
Care must be exercised, however, to prevent the escape of ex- 
cessive volatile and particulate activities. 


Where the material cannot be decontaminated or burned, storage 
for decay or storage of permanent nature (for long-lived radio- 
nuclide contaminants) is utilized. At present, the Atomic Energy 
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Commission operates several burial and storage areas for this 
purpose, One such site is at the Oak Ridge National Laboratory 
in Oak Ridge, Tennessee. Burial of dense materials has also 
been accomplished, using the sea as a receiving medium. 
Generally, such materials are encased in concrete prior to 
dumping. 


Ground or sea burial should not be undertaken without consideration i 
of pertinent environmental factors. In ground burial, conditions 
‘of ground water, soil acidity or alkalinity, etc., must be noted as 
well as long term control being maintained over the burial site. 
Sea burial, which has been utilized on both the Atlantic and 
Pacific coasts, is handled only by AEC licensed commercial 
disposal agencies. Generally, the material is inthe form of 
concrete blocks or concrete filled oil drums and is buried in 
depths of approximately 6,000 - 12,000 feet. At present, it is 
believed by many scientists that too little is known about the 
oceanographic conditions to permit wide-scale dumping of radio- 
active wastes at sea, since when this is done, long term control 
over the wastes is relinquished. 
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ne of Byproduct Material: AEC Regulation [10 CFR Part 30] 
OFFICIAL TEXT 


Part 30—Licensing of Byproduct Material 


General Provisions 
Bee. 
80.1 Purpose 
80.2 Scope. 
80.3 License requirements. 
80.4 Definitions. 
80.6 Interpretations. 


Exemptions 

80.6 Persons operating Commission-owned Facilities. 

80.7 Carriers. 

80.8 Other exemptions. 

80.9 Exempt concentrations. 

80.10 Exemption for Tritium (proposed). 

80.11 Exemption of certain quantities of byproduct material 

for medical use (pro ). 

30.12 Lock illuminators installed in automobile locks. 

History 

Original: Effective 30 days after filing with the Federal 
Register. F.R. Doc. 56-137, Filed, Jan. 10, 1956; 
4:00 p.m. (21 FR 213, January 11, 1956). 


Amendments: (1) F.R. Doc. 56-7688; Filed, Sept. 24, 1956; 
8:45 am. (21 FR 7265, Sept. 25, 1956). (2) 
F.R. Doc. 56-7972; Filed, et. 2, 1956; 8:58 
a.m. (21 FR 7568, Oct. 8, 1956). (3) Et- 
fective October 17, 1957. 
8536; Filed, October 16, 1957; 8:44 am. 
(22 FR 8219, October 17, 195 7). Notice of 
proposed rule makin publishe August 27, 
1957 (22 FR 6899). aa Effective February 
10, 1959. F.R. Doc. 59-1309; Filed, Feb. 
10, 1959; 2:18 cs (24 FR 1089, February 
12, 1959). Notice of proposed rule making 
published January 10, 1959 (24 FR 370). 
”? Secs. 30.4 (1), r), (8), a Tat oc 30. 

g) effective December 29, 
60-11014; Filed, Nov. 28, 1960, 8:45 re 
(25 FR 12169, November. 29, 1960). Notice 
of proposed rule making ublished March 
15, 1960 (25 FR ee ( Sec. 30.10 pro- 
d July 2, 1960, F oc. 60-2328; Filed 
une 30, 1960; 12:45 a.m. (25 FR 6302, 
oo 2, 1960). (7) Effective September 16, 
1960. F.R. Doc. 60-7613; Filed Aug. 16, 
1960; 8:45 am. (25 FR 7875, August 17, 
1960). (8) Notice of proposed ‘rule making 
ublished December 13, 1960. F.R. Doc. 60- 
1548; Filed Dec. 12, 1960; 8:45 am. (25 
FR 12730, December. 13, 1960). (9) Sec. 
30.33(b) and (c) revised and Sec. 30.33(d) 
added by notice published August 23 (26 
FR 7824). (10) Secs. 30.24(j), 30.33(d), 
and 30.74 proposed September 12, 1961 (26 
FR 8522). (11) Sec. 30.12 added; Secs. 
30.24(m) and 30.47 proposed November 7, 
1961 (26 FR 10472). (12) Secs. 30.11, 
30.24(k) and (1), 30.26, 30.28, and 30.32 
(g) proposed January 18, "1962 (27 FR 531). 
(12) Sec. 30.4(u) added and Sec. 30. 21(c) 
amended by notice published February 14, 
1962 (27 FR 1350, February 14, 1962). 
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82, 182, 183, 68 Stat. 935, 953, 954; 43 U. 8. O. 2111, 2112, 
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2201p. 
General Provisions 


Sec. 30.1 Purpose. The regulations in this part 
are promulgated by the Atomic Energy Commis- 
sion, pursuant to the Atomic Energy Act of 1954 
(68 "Stat. 919), to provide for the licensing of 
byproduct material. 


Sec. 30.2 Scope. Except as provided in sections 
30.6 to 30.8, the regulations in this part apply 
to all persons in the United States. 


Schedules 
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Sec. 30.3 License requirements. No person sub- 
ject to the regulations in this part shall manufac- 
ture, produce, transfer, receive, acquire, own, 
possess, use, import. or export byproduct material 
except as authorized in a specific or general license 
issued pursuant to the regulations in this part. 


Sec. 30.4 Definitions, As used in this part: 


(a) “Act” means the Atomic Energy Act of 
1954, including any amendments thereto; 

(b) “Byproduct material” means any radio- 
active material (except special nuclear material) 
yielded in or made radioactive by exposure to 
the radiation incident to the process of producing 
or utilizing special nuclear material; 

(c) “Commission” means the Atomic Energy 
Commission and its duly authorized representa- 
tives; 

(d) “Curie” means that amount of radioactive 
material which disintegrates at the rate of 87 
billion atoms per second; 

(e) “Human use” means the internal or external 
administration of byproduct material, or the 
radiation therefrom, to human beings; 

(f) “License,” except where otherwise specified, 
means a license issued pursuant to the regula- 
tions in this part; 

( 8) “Microcurie” means that amount of radio- 
active material which disintegrates.at the rate 
of 37 thousand atoms per second ; 

(h) “Person” means (1) any individual, cor- 
poration, partnership, firm, association, trust, 
estate, public or private institution, group, Gov- 
ernment agency other than the Commission, any 
State or any political subdivision of, or any 
political entity within a State, any foreign gov- 
ernment or nation or any political subdivision 
of any such government or nation, or other 
entity; and (2) any legal successor, representa- 
tive, agent, or agency of the foregoing; 

(i) “Physician” means an individual licensed 
by a state or territory of the United States, the 
District of Columbia or the Commonwealth of 
pneee Rico to dispense drugs in the practice of 
medicine; 

(j) “Production facility” means production 
facility as defined in the regulations contained in 
Part 50 of this chapter; 

(k) “Research and development” means (1) 
theoretical analysis, exploration, or experimenta- 
tion; or (2) the extension of investigative findings 
und theories of a scientific or technical nature into 
practical application for experimental and demon- 
xtration purposes, including the experimental 
production and testing of models, jevices, equip- 
ment, materials and processes. “Research and 
development” as used in this part does not in- 
clude the internal or external administration of 
byproduct material, or the radiation therefrom, 
to human beings; 

(1) “Sealed source” means any byproduct ma- 
terial that is encased in a capsule designed to 
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Pent leakage or escape of the byproduct ma- 
eria 

(m) “Source material” means source material 
as defined in the regulations contained in Part 40 
of this chapter; 

(n) “Special nuclear material” means special 
nuclear material as defined in the rewalations 
contained in Part 70 of this chapter; 

(0) “United States”, when used in a geograph- 
ical sense, includes all territories and possessions 


of the United States, the Canal Zone and Puerto | 


Rico. 

(p) “Utilization facility” means 4 utilization 
facility as defined in the regulations contained in 
Part 50 of this chapter; 

(q) Other terms defined in section 11 of the 
act shall have the same meaning when used in 
cegulations in this part. 

(r) “Radiographer” means any individual who 
performs or who, in attendance at the site where 
the sealed source or sources are being used, per- 
sonally supervises radiographic operations and 
who is responsible to the licensee for assuring 
compliance with the requirements of the regula- 
tions of this part and the conditions of the license. 

(s) “Radiographer’s assistant” means any in- 
dividual who, under the personal supervision of 
a@ radiographer, uses radiographic exposure de- 
vices, sealed sources or related handling tools, 
or survey instruments in radiography. 

(t) “Radiography” means the examination of 
the structure of materials by nondestructive 
methods, utilizing sealed sources of byproduct 
materials. 

[Ed. Note: Sec. 30.4 amended effective December 29, 
1960, to amend definition of “sealed source” and add 
definitions of “radiographer,” “radiographer’s assistant,” 
and “radiography.” (Secs. 80.4 (1), (r), (8s) and (t) (26 
FR 12169).] 

(u) “Agreement State” as designated in Part 
150 of this chapter means any State with which 
the Commission has entered into an effective 
agreement under subsection 274.(b) of the Atomic 
Energy Act of 1954, as amended. “Nonagreement 
State” means any other State. - 


[Ed. Note: Sec. 30.4 u added by notice published Febru- 
ary 14, 1962 (27 FR 1350, February 14, 1962) } 


Sec. 30.5 Interpretations. Except as specifically 
authorized by the Commission in writing, no 
interpretation of the meaning of the regulations 
in this part by any officer or employee of the 
Commission other than a written interpretation 
by the General Counsel will be recognized to be 
binding upon the Commission. 


Exemptions 


Sec. 30.6 Persons operating Commission-owned 
facilities. Any person is exempt from the require- 
ments for a license set forth in section 81 or 82 of 
the Act and from the regulations in this Part 


to the extent that such person operates Commis- 


sion-owned plants and laboratories on behalf of 
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the Commission. In any. such case, such person’s 
obligations with respect to the byproduct material 
are covered by the applicable contract between 
such person and the Commission. 


Sec. 30.7 Carriers. Common and contract car- 
riers and the United States Post Office Depart- 
ment are exempt from the regulations in this part 
and the requirements for a license set forth in 
Section 81 of the Act to the extent that they 
transport byproduct material in the regular course 
of their business as carriers. 


Sec. 30.8 Other exemptions. The Commission 
may upon the application of any interested person, 
or upon its own initiative, exempt certain classes 
or quantities of byproduct material or kinds of 
uses or users from the requirements for a license 
set forth in section 81 of the act and in the regula- 
tions in this part, when it makes a finding that 
the exemption of such classes or quantities of 
such material or such kinds of uses or users will 
not constitute an unreasonable risk to the com- 
mon defense and security and to the health and 
safety of the public. 


Sec. 30.9 Exempt concentrations. (a) Except as 
provided in section 30.32(f), any person is exempt 
from the requirements for a license set forth ip 


section 81 of the Act and from the regulations in’ 


this part to the extent that such person receives, 
possesses, uses, transfers, owns or acquires prod- 
ucts or materials in concentrations not in excess of 
those listed in section 30.73. 

(b) This section shall not be deemed to author- 
ize the import of byproduct materials or products 
containing byproduct material. 

[Ed. Note: Sec. 30.9 published in proposed form as 
Sec. 30.8 October 31, 1958 (23 FR 8428), with intention 
to redesignate the existing Sec. 30.8 as Sec. 30.9 on 
adoption. Sec. 30.9 published in final form with minor 
changes, none substantive, August 17, 1960 (25 FR 7875), 
effective 30 days after publication.] 


Sec. 30.10 Certain luminous timepieces. (a) Ex- 
cept for persons who apply tritium to luminous 
timepieces or hands or dials and persons who 
import for sale or distribution luminous time- 
pieces or hands or dials containing tritium, any 
person is exempt from the requirements for a 
license set forth in Sec. 81 of the Act and from the 
regulations in Parts 20 and 30 of this chapter to 
the extent that such person receives, possesses, 
uses, transfers, exports, owns or acquires lumi- 
nous timepieces or hands or dials containing 
tritium. 

(b) Any person who desires to apply tritium to 
luminous timepieces or hands or dials for sale or 
distribution, or desires to import for sale or dis- 
tribution luminous timepieces or hands or dials 
containing tritium, should apply for a specific 
license, pursuant to Sec. 30.24(i), which license 
states that the luminous timepieces or hands or 
dials may be distributed by the licensee to persons 
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exempt from the regulations pursuant to para- 
graph (a) of this section. 
[Ed. Note: Sec. 30.10 proposed July 2, 1960 (25 FR 


6302). Published in final form December 13, 1960 (25 
FR 12780), effective 30 days after publication.] 


Sec. 30.11 Exemption of Certain Quantities of 
Byproduct Material for Medical Use. (a) A phy- 
sician is exempt from the requirements for a 
license set forth in Section 81 of the Act and from 
the regulations in this part to the extent that he 
receives, possesses, uses or transfers in accordance 
with the provisions of paragraphs (b),(c),and (d) 
of this Section the following byproduct materials: 


(1) Iodine 131 in capsules, disposable hypo- 
dermie syringes or other forms of prepackaged 
individual doses. 

(2) Cobalt 58 in capsules or other forms of. 
prepackaged individual doses. 

(3) Cobalt 60 in capsules or other forms of pre- 
packaged individual doses. 

(4) Chromium 51. 


(b) A physician shall not possess at any one 
time, pursuant to the exemption in paragraph 
(a) of this Section more than: 


(1) 200 microcuries of iodine 131, and 

(2) 10 microcuries of cobalt 58, and 

(3) 10 microcuries of cobalt 60, and 

(4) 200 microcuries of chromium 51. 

(c) The exemption in paragraph (a) of this Sec- 
tion is effective only when: 


- + (1) The container of the pharmaceutical bears 


a label which includes the following statement: 
“This pharmaceutical may be distributed to physi- 
cians under license exemption of the U.S. Atomic 
Energy Commission.” | 

(2) The byproduct material is stored, until 
administered, in the original shipping container 
or in a container providing equivalent radiation 
protection. = 3 

(d) A physician who possesses byproduct 
material under the exemption in this Section: 

(1) Shall use the pharmaceutical received pur- 
suant to the exemption in paragraph (a) of this 
Section only for those uses described in the label 
or brochure accompanying the package. 

(2) Shall not transfer, abandon, or dispose of 
the byproduct material except by transfer to a 
person authorized to receive the byproduct ma- 
terial pursuant to a specific license issued by the 
Commission or pursuant to the exemption in para- 
graph (a) in this Section or the general license 
in Sec. 30.26(a). 

(3) Shall not transfer the byproduct material 
to another person except in the unopened, labeled 
shipping container as received from the supplier. 


[Ed. Note: Sec. 30.11 proposed January 18, 1962, (27 
FR 531); open to public comment for 90 days.] 


Sec. 30.12 Lock illuminators installed in auto- 
mobile locks. Any person is exempt from the 
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requirements for a license set forth in section 81 
of the Act and from the regulations in Part 20 
of this chapter and this part to the extent that he 
receives, possesses, uses, tranfers, exports, owns 
or acquires lock illuminators each containing not 
more than 15 millicuries of tritium installed in 
an automobile lock. The manufacture, installa- 
tion into automobile locks, or importation for 
sale or distribution of lock illuminators whether 
or not installed in automobile locks, is not in- 
cluded in this exemption, but may be authorized 
by a specific licensé under the provisions of this 
part. 

[Ba. Note: Sec. 30.12 added November 7, 1961 (26 FR 
10472) effective 15 days after publication.] 


General Licenses—Applications for Licenses 


Seo. 30.20 Types of licenses. (a) Licenses for 
byproduct material are of two types: general 
and specific. The general licenses provided in 
section 30.21 are effective without the filing of 
applications with the Commission or the issuance 
of licensing documents to particular persons. 
Specific licenses are issued to named persons upon 
applications filed pursuant to the regulations in 
this part. 


Seo. 30.21 General licenses. (a) <A _ general 
license is hereby issued: 

(1) To transfer, receive, acquire, own, possess 
and use byproduct material incorporated in a 
device or equipment which is listed in section 
30.71 and has been manufactured pursuant to a 
specific license issued by the Commission. 

(2) To transfer, receive, acquire, own, possess, 
use and import the quantities of byproduct 
material listed in section 30.72, provided that 
no person shall at any one time possess or use, 
pursuant to the general licensing provisions of 
this paragraph, more than a total of ten such 
scheduled quantities. 

(b) The general licenses provided in this sec- 
tion are subject to the provisions of sections 30.32 
to 30.72, inclusive of the regulations in this part 
and are subject to the regulations contained in 
Part 20 of this chapter.! In addition, persons who 
transfer, receive, acquire, own, possess, use or im- 
port scheduled items and quantities of byproduct 
material pursuant to the general licenses provided 
in paragraph (a) of this section. 

(1) Shall not effect an increase in the radio- 
activity of said scheduled items or quantities by 
adding other radioactive material thereto, by com- 
bining byproduct material from two or more such 
items or quantities, or by altering them in any 
other manner so as to increase thereby the rate of 
radiation therefrom ; 

(2) Shall not administer externally or intern- 
ally, or direct the administration of, said scheduled 
items or quantities or any part thereof to a 
human being for any purpose, including, but not 
limited to, diagnostic, therapeutic, and research 
purposes. 
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(3) Shall not add, or direct the addition of, 
said scheduled items or quantities or any part 
thereof to any food, beverage, cosmetic, drug, or 
other product designed for ingestion or inhalation 
by. or application to, a human being; 


(4) Shall not include said scheduled items or 
quantities or any part thereof in any device, 
instrument, apparatus (including component parts 
and accessories thereto) intended for use in 
diagnosis, treatment or prevention of disease in 
human beings or animals or otherwise intended 
to affect the structure or any function of the 
body of human beings or animals. 


(c) (1) Subject to the provisions of subpara- 
graphs (2) to (6) of this paragraph (c), a general 
license is hereby issued to own, receive, acquire, 
possess and use byproduct material when con- 
tained in devices designed and manufactured for 
the purpose of detecting, measuring, gauging or 
controlling thickness, density, level, interface loca- 
tion, radiation, leakage, or qualitative or quantita- 
tive chemical composition, or for producing light 
or an ionized atmosphere. 

(2) The general license contained in subpara- 
graph (1) of this paragraph (c) applies only to 
devices which have been: 

(i) Manufactured in accordance with the spe- 
cifications contained in a specific license issued by 
the Commission to the manufacturer of the device 
pursnant to Sec. 30.24(f), or, in accordance with 
the specifications contained in a specific license 
issued to the manufacturer by an agreement State; 
and 

(ii) Installed on the premises of the general 
licensee by a person authorized to install such 
devices under a specific license issued to the 
installer by the Commission pursuant to this part 
or by an agreement State, provided that the spe- 
cific license referred to in subdivision (i) of this 
subparagraph (2) contains provisions authoriz- 
ing the transfer of such devices to, and the in- 
stallation of such devices in the premises of, 
veneral licensees. 

(3) The general license contained in subpara- 
graph (1) of this paragraph (c) applies only to 
devices which (i) are labeled in accordance with 
the provisions of the specific license which author- 
izes the distribution of the device to general 
licensees, and (11) bear a label containing the 
following or a substantially similar statement. 
which contains the information called for in the 
following statement: | 

This device, generally licensed pursuant to Sec. 30.21(c) 
of 10 CFR, Part 30, has been manufactured and distributed 
pursuant to licensa Now... cece issued DY ..........ccccssscoses 
(insert cither “Atomic Energy Commission” or name of 
ngreement State, whichever is applicable) 


SOOHOHECESOHSEHOOHEHEHEHE SHOHOHSHESESEHOHHOSSOOHOSEESEEHSE EO SESEOS 


(Name of supplier) 





1 Attention is directed particularly to the provisions of 
the regulations in Part 20 of this chapter which relate 
ty the labelling of containers. 
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(4) Persons who own, receive, acquire, possess 
or use a device pursuant to the general license 
ae in subparagraph (1) of this paragraph 

Cc): | 
(1) Shall not transfer, abandon or dispose of 
the device, except by transfer to a person author- 
ized by a specific license from the Commission or 
an agreement State to receive such device; 

(ii) Shall assure that all labels affixed to the 
device at the time of receipt and bearing the 
statement, “Removal of this label is prohibited 
by regulations of the Atomic Energy Commission,” 
are maintained thereon and shall comply with all 
instructions contained in such labels; 

(iii) Shall have the device tested for leakage 
of radioactive material and proper operation of 
the on-off mechanism and. indicator, if any, at 
no longer than six-month intervals; provided that 
devices containing only krypton need not be 
tested for leakage, and devices containing only 
tritium need not be tested for any purpose; 

(iv) Shall have the tests required by subdivision 
(iii) of this subparagraph and all other services 
involving the radioactive material, its shielding 
. and containment, performed by the supplier or 
other person holding a specific license from the 
Commission or an agreement State to manufac- 
ture, install or service such devices; 

(v) Shall maintain records of all tests per- 
formed on the devices as required under this 
section, including the dates and results of the 


tests and the names of the persons conducting the | 


tests; 

(vi) Upon the occurrence of a failure of or 
damage to, or any indication of a possible failure 
of or damage to, the shielding or containment of 
the radioactive material or the on-off mechanism 
or indicator, shall immediately suspend operation 
of the device until it has been repaired by the 
supplier or other person holding a specific license 
from the Commission or an agreement State to 


manufacture, install or service such devices or: 


disposed of by transfer to a person authorized to 
receive the byproduct material contained in the 
device; and 

(vii) Shall be exempt from the requirements of 
Part 20 of this chapter, except that such persons 
shall comply with the provisions of Secs. 20.402 
and 20.403 of this chapter. 

(5) The general license provided in subpara- 
graph (1) of this paragraph (c) is subject to the 
provisions of Secs. 30.32 to 30.72, inclusive: Pro- 
vided, That persons who possess byproduct material 
pursuant to this general license shall not export 
such byproduct material without a specific license 
from the Commission authorizing such export. 

(6) Any person who holds a specific license 
issued by an agreement State authorizing the holder 
to manufacture, Install or service a device described 
in subparagraph (1) of this paragraph (c) within 
such agreement State is hereby granted a general 
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license to install and service such device in any 
nonagreement State; Provided, That:. 

(i) Such person shall file a report with the 
Director, Division of Licensing and Regulation, 
Atomic Energy Commission, Washington 25, D.C., 
within 30 days after the end of each calendar 
quarter in which any device is transferred or 
installed. Each such report shall identify each 
general licensee by name and address, the type of 
device transferred, and the quantity and type of 
byproduct material contained in the device. 

(ii) The device has been manufactured, la- 
belled, installed, and serviced in accordance with 
applicable provisions of the specific license issued 
to such person by the agreement State; 

(i111) Such person assures that any labels re- 
quired to be affixed to the device under regula- 
tions of the agreement State which licensed manu- 
facture of the device bear a statement that “Re- 
moval of this label is prohibited by the regulations 
of the Atomic Energy Commission.” 

(iv) Shall furnish to each general licensee to 
whom he transfers such device or on whose 
premises he installs such device a copy of the 
general license contained in See. 30.21(c). 

(Ed. Note: Sec. 30.21(c) amended by notice published — 
February 14, 1962 (27 FR 1350, February 14, 1962)] 

(d)(1) A general license is hereby issued to 
own, receive, acquire, possess and use tritium 
contained in luminous safety devices for use in 
aircraft, provided each device contains not more 
than four curies of tritium and that each device 
has been manufactured, assembled or imported in 
accordance with a license issued under the provi- 
sions of Sec. 30.24(j). 


(2) Persons who own, receive, acquire, possess 
er use luminous safety devices pursuant to the 
general license in subparagraph (1) of this para- 
graph are exempt from the requirements of Part 
20 of this chapter, except that they shall comply’ 
with the provisions of Secs. 20.402 and 20.403 of 
this chapter. 


(3) This general license does not authorize the 
manufacture, assembly, repair or import of 
luminous safety devices containing tritium. 


(4) This general license does not authorize the 
export of luminous safety devices containing 
tritium except in accordance with the provisions 
of Sec. 30.33. 


[Ed. Note: Sec. 30.21(d) proposed September 12, 1961 
(26 FR 8522), subject to public comment for 60 days.] 


Sec. 30.22 Applications for specific licenses. (a) 
Applications for specific licenses shall be filed on 
Form AEC 313, “Application for By-Product 
Material License”, with the United States Atomic 
Energy Commission, 1717 H St.. N. W., Washing- 
ton, D. C., Attention: Isotopes Division, and shall 
set forth the information called for by the form. 
Tnformation contained in previous applications, 
statements or reports filed with the Commission 
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may be incorporated by reference, provided that 
such references are clear and specific. 

(b) The Commission may at any time after the 
filing of the original application, and before the 
expiration of the license, require further state- 
ments in order to enable the Commission to 
determine whether the application should be 
granted or denied or whether a license should 
be modified or revoked. 

(c) Each application shall be signed by the 
applicant or licensee or a person duly authorized 
to act for and on his behalf. 

(d) An application for license filed pursuant 
to the regulations in this part will be considered 
also as an application for licenses authorizing 
other activities for which licenses are required by 
the Act, provided that the application specifies 
the additional activities for which licenses are 
requested and complies with regulations of the 
Commission as to applications for such licenses. 


Sec. 30.23 General requirements for issuance 
of specific licenses. An application for a specific 
licenses will be approved if: 


(a) The application is for a purpose authorized 
by the act; and 

(b) The applicant’s proposed equipment and 
facilities are adequate to protect health and 
minimize danger to life or property ; and 

(c) The applicant is qualified by training and 
experience to use the material for the purpose 
requested in such manner as to protect health and 
minimize danger to life or property; and 

(d) The applicant satisfies any applicable 
special requirements contained in section 30.24 
of these regulations. 


Sec. 30.24 Special requirements for issuance of 
specific licenses. (a) Human use in institutions. 
An application by an institution for a specific 
license for human use will be approved if: 


(1) The applicant satisfies the general require- 
ments specified in section 30.23; and 

(2) The applicant has appointed a medical 
isotopes committee of at least three members to 
evaluate all proposals for research, diagnosis, and 
therapeutic use of radioisotopes within that 
institution. Membership of the committee should 
include physicians expert in internal medicine, 
hematology, therapeutic radiology, and a person 
experienced in assay of radioisotopes and protec- 
tion against ionizing radiations; and 

(3) The applicant possesses adequate facilities 
for the clinical care of patients; and 

(4) The physician designated on the applica- 
tion as the individual user has substantial ex- 
perience in the proposed use, the handling and 
administration of radioisotopes and, where ap- 
plicable, the clinical management of radioactive 
patients; and 

(5) If the application is for a license to use 
unspecified quantities or multiple types of by- 
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product material, the applicant has previously 
received a reasonable number of licenses for a 
variety of byproduct materials for a variety of 
human uses. 

(b) Licensing of individual physicians for 
human use. An application by an individual 
physician for a specific license for human use 
will be approved if the applicant: 

(1) Satisfies the general requirements speci- 
fled in section 30.28; 

(2) The applicant has access to a_ hospital 
possessing adequate facilities to hospitalize and 
monitor the applicant’s radioactive patients when- 
ever it is advisable; and 

(3) The applicant has extensive experience in 
the proposed use, the handling and administra- 
tion of radioisotopes, and where applicable, the 
clinical management of radioactive patients. (The 
physician shall furnish suitable evidence of such 
experience with his application. A statement from 
the medical isotope committee in the institution 
where he acquired his experience, indicating its 
amount and nature, may be submitted as evi- 
dence of such experience.) 

(c) “Human use” of sealed sources. An applica- 
tion for a specific license for use of a sealed source 
for human use will be approved if: | 

(1) The applicant satisfies the general require- 
ments specified in section 30.23; and 

(2) The applicant or, if the application is made 
by an institution, the individual user (i) has 
specialized training in the therapeutic use of the 
radioactive device considered (teletherapy unit, 
beta applicator, etc.) or has experience equivalent 
to such training; and (ii) is a physician. 

(d) Multiple quantities or types of byproduct 
material for use in research and development. An 
application for a specific license for multiple 
quantities or types of byproduct material for use 
in research and development will be approved if: 

(1) The applicant satisfies the general require- 
ments specified in section 30.23; and 

(2) The applicant has received a reasonable 
number of licenses for a variety of radioisotopes 
for a variety of research and development uses; 
and 

(3) The applicant has established an isotope 
committee (composed of such persons as a radio- 
logical safety officer, a representative of the busi- 
ness Office, and one or more persons trained or 
experienced in the safe use of radioactive ma- 
terials) which will review and approve, in ad- 
vance of purchase of radioisotopes, proposals for 
such uses; and 

(4) The applicant has appointed a radiological 
safety officer who will advise on or be available 
for advice and assistance on radiological safety 
problems. 

(e) Multiple quantities or types of byproduct 
material for use in processing. An application for 


a specific license for multiple quantities or types 
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of byproduct material for use in processing for. (2) The applicant has received a reasonable 
distribution to other authorized persons will be number of licenses for proceessing and distribu- 
approved if: tion of a variety of radioisotopes; and 

(1). The applicant satisfies the general require- — (3) The applicant has appointed a radiological 
ments specified in section 30.28; and safety officer who will advise on or be available 
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for advice and assistance on radiological safety 
problems. 


(f) Distribution of devices to persons generally 
licensed under section 30.21(c). An application for 
a specific license to distribute certain devices of 
the types enumerated in section 30.21(c) to persons 
generally licensed under section 30.21(c) will be 
approved if: 


(1) The applicant satisfies the general require- 
ments specified in section 80.23; and 

(2) The applicant submits sufficient informa- 
tion relating to the design, manufacture, proto- 
type testing, quality control procedures, labelling, 
proposed uses and potential hazards of the device 
to provide reasonable assurance that: 


(i) The byproduct material contained in the 
device will not be lost; 

(ii) That no person would receive a radiation 
exposure to a major portion of his body in excess 
. 0.5 rem in a year under ordinary circumstances 
of nse; 

(iii) The device can be safely operated by per- 
sons not having training in radiological protec- 
tion; and 

(iv) The byproduct material within the device 
would not be accessible to unauthorized persons. 


(3) In describing the label or labels and con- 
tents thereon to be affixed to the device, the appli- 
cant should separately indicate those instructions 
and precautions which are necessary to assure safe 
operation of the device. Such instructions and 


precautions must be contained on labels bearing 


the statement, “Removal of this label prohibited 
by regulations of the Atomic Energy Commission.” 


(g) Use of sealed sources in radiography. An 
application for a specific license for use of sealed 
sources in radiography will be approved if: 


(1) The applicant satisfies the general require- 
ments specified in Sec. 30.28; and 

(2) The applicant will have an adequate pro- 
gram for training radiographers and radiog- 
raphers’ assistants and submits to the Commission 
a schedule or description of such program which 
specifies the: 

(i) Initial training; 

(ii) Periodic training; 

(iii) On-the-job training; 

_(iv) Means to be used by the licensee to deter- 
mine the radiographer’s knowledge and under- 
standing of and ability to comply with Commis- 
sion regulations and licensing requirements, and 
the operating and emergency procedures of the 
applicant; 

(v) Means to be used by the licensee to deter- 
mine the radiographer’s assistant’s knowledge 
and understanding of and ability to comply with 
the operating and emergency procedures of the 
applicant; and 

(3) The applicant has established and submits 
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to the Commission satisfactory written operating 
and emergency procedures described in Sec. 31.202 
of this chapter; and 

(4) The applicant will have an adequate in- 
ternal inspection system, or other management 
control, to assure that Commission license provi- 
sions, Commission regulations, and the applicant’s 
operating and emergency procedures are followed 
by radiographers and radiographers’ assistants; 
and 

(5) The applicant submits a description of its 
overall organizational structure pertaining to the 
radiography program, including specified delega- 
tions of authority and responsibility for opera- 
tion of the program; and 

(6) The applicant who desires to conduct his 
own leak tests has established adequate proce- 
dures to be followed in leak testing sealed sources, 
for possible leakage and contamination and sub- 
mits to the Commission a description of such 
procedures including: 


(i) Instrumentation to be used, 

(ii) Method of performing test, é.g., points on 
equipment to be smeared and method of taking 
smear, and 

( iii) Pertinent experience of the person who 
will perform the test. 


(h) Licensing the transfer of products contain- 
ing exempt concentrations of byproduct material. 
(1) An application for a specific license to transfer 
possession or control of products or materials 
containing exempt concentrations of byproduct 
material which the transferor has introduced into 
the product or material will be approved if the 
applicant: 


(i) Satisfies the general requirements specified 
in section 30.23; 

(ii) Submits a description of the product or 
material into which the byproduct material will 
be introduced, intended ‘use of the byproduct ma- 
terial and the ‘product into which it is introduced, 
method of introduction, initial concentration of 
the byproduct material in the product or material, 
control methods to assure that no more than the 
specified concentration is introduced into the 
product or material, estimated time interval be- 
tween introduction and transfer of the product 
or material, and estimated concentration of the 
radioisotope in the product or material at the 
time of transfer by the licensee; and 

(111) Provides reasonable assurance that the 
concentrations of the byproduct material at the 
time of transfer will not exceed the concentra- 
tions in section 30.73, that reconcentration of the 
byproduct material in concentrations exceeding 
those in section 30.73 is not likely, that the prod- 
uct or material is not likely to be inhaied or 
ingested, and that use of lower concentrations is 
not feasible. 


(2) Bach person licensed under this paragraph 
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. 
| ' shall file an annual report with the Director, Divi- 
sion of Licensing and Regulation, describing the 
kinds and quantities of products transferred, the 
- eoncentration of byproduct material contained 
and the quantity of byproduct material trans- 
ferred during the reporting period. Each report 
shall be filed as of June 30 and shall be filed 

‘ within 30 days thereafter. 

(i) Certain luminous timepieces. An applica- 
tion for a specific license to apply tritium con- 
tained in luminous compounds to timepieces. or 

‘ hands or dials, or to import timepieces or hands 
_ or dials containing tritium for use pursuant to 
Sec 30.10 will be approved if: (1) The applicant 
satisfies the general requirements specified in Sec. 
| 30.23 and (2) the applicant submits sufficient 
information relating to the chemical and physical 
composition and characteristics of the luminous 
compound(s), the method of application of each 
; Compound, quality control procedures and proto- 
' type testing of luminous dials, and 


(i) The tritium is bound in the luminous com- 

. pound in a non-water-soluble and non-labile form 
[ and the compound is bound to the dials or hands. 
The tritium will be considered to be properly 
bound to the dials and hands if there is no visible 
flaking or chipping and the total loss of tritium 

j does not exceed 5 percent of the total tritium when 
_ prototype dials and hands are subjected to 
the following tests in the order specified below: 

(a) Attachment of dials to a vibrating fixture 

~ and vibration at a rate of not less than 26 cycles 
per second and a vibration acceleration of not 
less than 2G for a period of not less than one 


- hour; and 
i (b) Attachment of the hub ends of the hands 
to a clamp and bending of hands over a one-inch 
diameter cylinder; and 
(c) Total immersion of the dials and hands used 
' in the tests described in (a) and (b) of this sub- 
division in 100 milliliters of water at room tem- 
perature for a period of 24 consecutive hours and 
analysis of the test water for its radioactive 
i material content by liquid scintillation counting 
or other equally sensitive method. 
(ii) Not more than a total of 25 millicuries of 
tritium will be applied per timepiece; and 
| (iii) ‘Not more than a total of 5 millicuries of 
’ tritium will be applied per hand and not more 
than 15 millicuries will be applied per dial (bezels 
when used shall be considered as part of the dial). 
[Ed. Note: Sec. 30.24(f) published in proposed form 
January 10, 1959 (24 FR 270), and adopted effective 
February 10, 1959 (24 FR 1089, February 12, 1959).] 
[Sec. 30.24(g) published November 29, 1960, effective 
December 29, 1960. (26 FR 12169)] 
-¥. See. 30.24(i) published December 13, 1960 (25 FR 12730), 
effective 80 days after publication.) 


(j) Luminous safety devices for use in aircraft. 
¥ (1) An application for a specific license to 
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manufacture, assemble, repair or mport luminous 
safety devices, for distribution to persons gen- 
erally licensed under Sec. 30.21(d) will be ap- 
proved if: 


(i) The applicant satisfies the general require- 
ments specified in Sec. 30.23; 

(ii) The applicant submits sufficient informa- 
tion regarding the devices pertinent to evaluation 
of the potential radiation exposure, including: 


(a) Chemical and physical form and maximum 
quantity of tritium in each device; 

(6) Details of construction and design of the 
device ; 

(c) Details of the method of binding or contain- 
ing the tritium; 

(d) Procedures for and results of prototype 
testing to demonstrate that the tritium will not 
be released to the environment under the most 
severe conditions likely to'be encountered in 
normal use of the device; 

(e) Quality control procedures to demonstrate 
that production lots of the devices will meet the 
specifications established by the Commission for 
such devices; 

(f) Any additional information, including ex- 
perimental studies and tests, required by the 
Commission to facilitate a determination of the 
safety of the device. : 


(i111) Each device will contain no more than 
four curies of tritium. 
(iv) The Commission determines that: 


(a) The method of incorporation and binding 
of the tritium in the device is such that the tritium 
will not be released under the most severe condi- 
tions which are likely to be encountered in normal 
use and handling of the device; 

(6) The tritium is incorporated in the device 
or otherwise enclosed so as to preclude direct 
physical contact by any person with the tritium; 

(c) The design of the device in which the trit- 
2um is incorporated is such that it cannot easily 
be disassembled; and 

(@) The device has been subjected to the proto- 
type tests and meets the requirements prescribed 
by subdivision (v) of this subparagraph. 

(v) The prototype tests shall include the fol- 
lowing, to be conducted on each of five prototype 
devices: | 

(a) Temperature-altitude test. The tritium de- 
vice shall be placed in a test chamber as it would 
be used in service. A temperature-altitude condi- 
tion schedule shall be followed as outlined in the 
following steps: 

Step 1. The internal temperature of the test chamber 
shall be reduced to —62° C. (—80° F) and the device shall 
be maintained for at least 1 hour at this temperature at 
atmospheric pressure. 

Step 2. The internal temperature of the test chamber 
shall be raised to —54° C. (—65° F.) and maintained until 
the temperature of the device has stabilized at —54° C. at 
atmospheric pressure. 
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Step 3. The atmospheric pressure of the chamber shall 
be reduced to 83 millimeters of mercury absolute pressure 
while the chamber temperature is maintained at ~—.54° C. 

Step 4. The internal temperature of the chamber shall 
then be raised to —10° C. (414° F.) and maintained until 
the temperature of the device has stabilized at —10°. and 
the internal pressure of the chamber shall then be adjusted 
to atmospheric pressure. The test chamber door shall then 
be opened in order that frost will form on the device, and 
shall remain open until the frost has melted but not long 
enough to allow the moisture to evaporate. The door shall 
then be closed. 

Step 5. The internal temperature of the chamber shall 
be raised to +.85° C. (185° F.) at atmospheric pressure. 
The temperature of the device shall be stabilized at 485° 
C. and maintained for 2 hours. The device shall then be 
Mabe inspected to determine the extent of deterioration, 

any. 

Step 6. The chamber temperature shall be reduced to 
+-71° C. (160° F.) at eee pressure. The temperature 
of the device shall be stabilized at 471° ©. for a period of 
80 minutes. 

Step 7. The chamber temperature shall be reduced to 
+-55° C. (130° F.) at atmospheric pressure. The tempera- 
ture of the device shall be stabilized at this temperature for 
@ period of 4 hours. 

Step 8. The internal temperature of the chamber shall 
be reduced to +30° ©. (86° F.) and the pressure to 138 
millimeters of mercury absolute pressure and stabilized. 
‘The device shall be maintained under these conditions for 
@ period of 4 hours. 

Step 9. The internal conditions of the test chamber shall 
be changed to +35° C. (95° F.) and 83 millimeters of 
mercury absolute pressure and stabilized. The device shall 
be maintained under these conditions for a period of 30 
minutes. 

Step 10. The internal pressure of the chamber shall be 
maintained at 83 millimeters of mercury absolute pressure 
and the temperature reduced to 4+.20° C. (68° F.) and stabi- 
lized. The device shall be maintained under these conditions 
for a period of 4 hours. 


(6) Vibration tests. This procedure applies to 
items of equipment (including vibration isolating 
assemblies) intended to be mounted directly on 
the structure of aircraft powered by reciprocating, 
turbojet, or turbo-propeller engines or to be 
mounted directly on gas-turbine engines. The 
device shall be mounted on an apparatus dynam- 
ically similar to the most severe conditions likely 
to be encountered in normal use. At the end of 
the test period, the device shall be inspected 
thoroughly for possible damage. Vibration tests 
shall be conducted undcr both resonant and ecy- 
cling conditions according to the following Vibra- 
tion Test Schedule (Table I): 


Vibration Test Schedule 
Table I 
{Times shown refer to one axis of vibration] 


Vibration | Vibration | Vibration 
Type at room fat 160° F./at —65° F. 
tempera- (71° C.) | (—84°C.) 

ture 

Minutes Afinutes Minutes 

R@SOTANCE ........ccccccsereee 60 15 15 
Cycling .........ccsesreeees 60 15 15 
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(1) Determination of resonance frequency. In- 
dividual resonance frequency surveys shall be 
conducted by applying vibration to each device 
along each of any set of its three mutually perpen- 
dicular axes and varying the frequency of applied 
vibration slowly through a range of frequencies 
from 5 cycles/second to 500 cycles/second with 
the double amplitude of the vibration forces not 
exceeding those shown in Fig. 1 for the related 
frequency. 

(2) Resonance tests. The device shall be vibrated 
at the determined resonance frequency for each 
axis of vibration for the periods and temperature 
conditions shown in Table I and with the applied 
double amplitude specified in Figure 1 for that 
resonance frequency, When more than one reso- 
nance frequency is’ encountered with vibration 
applied along any one axis, the test period may be 
accomplished at the most severe resonance or the 
period may be divided among the resonant fre- 
quencies, whichever is considered most likely to 
produce failure. When resonant frequencies are 
not apparent within the specified frequency range, 
the specimen shall be vibrated for periods twice 
as long as those shown for resonance in Table I 
at a frequency of 55 cycles per second and an 
applied double amplitude of 0.060 inch. 


[See Table on page 285 :108. ] 


(3) Cycling. Devices to be mounted only on 
vibration isolators shall be tested by applying 
vibration along each of three mutually perpendic- 
ular axes of the device with an applied double 
amplitude of 0.060 inch and the frequency cycling 
between 10 and 55 cycles per second in 1-minute 
cycles for the periods and temperature conditions 
shown in Table I. Devices to be installed in air- 
eraft without vibration isolators shall be tested 
by applying vibration along each of three mutu-. 
ally perpendicular axes of the device with an 
applied double amplitude of 0.036 inch or an 
applied acceleration of 10g, whichever is the 
Jimiting value, and the frequency cycling between 
10 and 500 cycles per second in 15-minute cycles 
for the periods and temperature conditions shown 
in Table I. 


(c) Accelerated weathering tests. The devices 
shall be subjected to 100 hours of accelerated 
weathering in a suitable weatherometer. Panels 
of Corex D glass shall surround the arc to cut off 
the ultraviolet radiation below a wavelength of 
2700 angstroms. The light of the carbon arcs shall 
fall directly on the face of the devices. The tem- 
perature at the sample shall be maintained at 50° 
C. plus or minus 3° C. Temperature measurements 
shall be made with a black panel thermometer. 


(d) Shock test. The device shall be dropped 
upon a concrete or iron surface in a 3-foot gravi- 
tational fall, or shall be subjected to equivalent 
treatment in a test device simulating such a free 
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fall. The drop test shall be repeated 100 times 
from random orientations. Any device showing 
damage shall be rejected. 


(e) Hermetic seal and waterproof test. On com- 
pletion of the above tests, the devices shall be 
immersed in 30 inches of water for 24 hours and 
shall show no visible evidence of water entry. 
Absolute pressure of the air above the water shall 
then be reduced to 1 inch of mercury absolute 
pressure. Lowered pressure shall be maintained 
for 1 minute or until air bubbles cease to be given 
off by the water, whichever is the longer. Pressure 
shall then be increased to normal atmospheric 
pressure. Any evidence of bubbles from within the 
markers, or water entering the markers, shall be 
considered leakage. 


(f) Observations. After each of the above tests, 
the devices shall be examined for evidence of 
physical damage and for loss of tritium. Any 
evidence of damage to any device which could 
affect the containment of the tritium in such de- 
vice shall be cause for rejection of the design on 
which such prototype devices were constructed or 
manufactured. Loss of tritium shall be measured 
both by sampling the liquids used in Test e and by 
wiping with filter paper an area of at least 100 
square centimeters on the outside surfaces of the 
device, or by wiping the entire area of the device 
if it is less than 100 square centimeters. The 
amount of tritium in the test fluid or on the filter 
paper shall be determined in an apparatus that has 
been calibrated to measure the tritium. If more 
than 0.1 percent of the original amount of tritium 
in a device is found in the immersion test water 
of Test e, or if more than 2,200 distintegrations 
per. minute tritium per 100 square centimeters 
is measured after any of the Tests a-e, the device 
rhall be rejected. 


(iv) Any person licensed under this scction to 
manufacture, assemble or import devices containing 
tritium for distribution to persons generally li- 
censed under Sec. 30.21(d) shall affix a label to 
each such device which shall identify the licensee's 
license number, shall state that the device con- 
tains tritium and is generally licensed by the AEC 
pursuant to Sec. 30.21(d), and such other informa- 
tion as may be required by the Commission, in- 
eluding, when appropriate, disposal instructions. 
An informational note containing this information 
may be enclosed with the self-luminous aircraft 
safety device in lieu of the label if the Commission 
determines that labeling on the device is not 
feasible and that safety will not be compromised 
by omission of the label. 


(2) Each person licensed under this paragraph 
shall maintain adequate quality control in the 
manufacture of luminous safety devices and shall 
subject production lots to such quality control 
tests as may be required as a condition of the 
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license issued under this paragraph, in accordance 
with the quality control procedures of Sec. 30.74 
Schedule D. 


(3) Each person licensed under this paragraph 
shall report to the Director, Division of Licensing 
and Regulation, all transfers of luminous safety 
devices to persons generally licensed under See. 
30.21(d). Such report shall identify each general 
licensee by name and address, describe the kinds 
and quantities of products transferred, the quan- 
tity of byproduct material in each type of prod- 
uct and the total quantity of byproduct material 
transferred during the reporting period. Each . 
report shall cover the year ending June 30 and 
shall be filed within 30 days thereafter. 


[Ed. Note: Sec. 30.24(j) proposed September 12, 1961 
(26 FR 8522), subject to public comment for 60 days.) 


(k) Manufacture and Distribution of By- 
product Material for Exempt or Generally Li- 
censed Medical Use. An application for a specific 
license to manufacture, import, label, package, 
and distribute byproduct material for use by 
physicians exempt from licensing under Section 
30.11 or generally licensed under Sec. 30.26 will 
not be approved unless: 

(1) The applicant satisfies the general require- 
ments specified in See. 30.23. 

(2) The applicant submits evidence that the 
byproduct material is to be manufactured, labeled, 
and packaged in accordance with a new drug | 
application which the Commissioner of Food and 
Drugs, Food and Drug Administration, has per- 
mitted to become effective, or in accordance with 
a license issued by the Secretary, Department of 
Health, Education and Welfare. | 

(3) The applicant submits complete informa- 
tion as to the labeling to be affixed to the container 
of the byproduct material which shall bear one of 
the following statements, as appropriate: 

(i) ‘This pharmaceutical may be distributed to 
physicians under license exemption of the U.S. 
Atomic Energy Commission.’ 

(ii) ‘This pharmaceutical may be distributed to 
physicians pursuant to general license 10 CFR 
30.26 of the U.S. Atomic Energy Commission.’ 

(4) The labels and brochures which accompany 
each package of byproduct material: 

(i) Contain adequate information as to pre- 
cautions to be observed in handling and storing 
such byproduct materials; | 

(ii) Include a copy of Section 30.11 or Section 
30.26 as appropriate. 

(1) Manufacture of Cobalt 60 Needles or Tubes 
for Distribution to Persons Generally Licensed 
Under Section 30.28. An application for a specific 
license to manufacture, import, label, package and 
distribute cobalt 60 needles or tubes for use by 
physicians generally licensed under Sec. 30.28 will 
not be approved unless: 
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(1) The applicant satisfies the general require- 
ments specified in Sec. 30.23. 

(2) The applicant submits sufficient informa- 
tion relating to the design, manufacture, proto- 
type testing and quality control procedures for 
the cobalt 60 needles or tubes, to provide reason- 
able assurance that the byproduct material con- 
tained in the needle or tube under. normal condi- 
tions of use will not be likely to escape therefrom. 

(3) The applicant submits sufficient informa- 
tion relating to the storage container for the co- 
balt 60 needles or tubes, to provide reasonable 
assurance that: 

(1) No person would be likely to receive a radia- 
tion exposure to a major portion of his body in 
excess of 0.5 rem in a year under ordinary cir- 
cumstances of storage. 

(11) The storage container may be kept locked. 

(4) The applicant submits complete informa- 
tion as to the labeling to be affixed to the storage 
container for the cobalt 60 needles or tubes, which 
shall contain adequate information for the safe 
use or manipulation of the cobalt 60 needle or 
tube and shall bear the following statement: ‘This 
device may be distributed to physicians pursuant 
to general license 10 CFR 30.28 of the U.S. Atomic 
Energy Commission.’ 

(5) In describing the label or labels to be affixed 
to the storage container for the cobalt 60 ncedles 
or tubes, the applicant shall separately indicate 
those instructions and precautions which are 
necessary to assure safe use of the byproduct 
material. 

(6) Cobalt 60 needles or tubes will be com- 
prised of cobalt 60 wire hermetically sealed within 
stainless steel tubing, or within other metal or 
alloy having equivalent properties of resistance 
to corrosion and abrasion. 

(7) Each cobalt 60 needle or tube will: 

(i) Be subjected to suitable tests to detect. 
possible leakage of byproduct material. 

(ii) Be individually calibrated. 

(i111) Have engraved upon it a code marking 
which indicates the linear intensity and number 
of millicuries for such needle or tube. 

(Ed. Note: Sec. 30.24(k) and (1) proposed January 18, 
1962 (27 FR 531); open to public comment for 90 days.] 

(m) Certain Automobile Lock Illuminators. (1) 
An applicant for a specific license to install lock 
illuminators into automobile locks, or to import 
for sale or distribution lock illuminators installed 
in automobile locks for use pursuant to Sec. 30.12 
will be approved if: 

(i) The applicant satisfies the general require- 
ments specified in Sec. 30.23; 

(ii) The applicant submits sufficient informa- 
tion regarding the lock illuminators pertinent 
to evaluation of the potential radiation exposure, 
including: 

(a) Chemical and physical form and maximum 
quantity of tritium in each lock illuminator ; 
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(6) Details of construction . and desiyn of the 
lock illuminator ; 

(c) Details of the method of binding or contain- 
ing the tritium; 

(d) Details of the method of installing the lock 
illuminators into the automobile lock so that the 
lock illuminator is not readily removable from the 
automobile lock; 

(e) Procedures for and results of prototype test- 
ing to demonstrate that the lock illuminators will 
not become detached from the lock and the tritium 
will not be released to the environment under the 
most severe conditions likely to be encountered 
in normal use of the Jock illuminator; 

(f) Quality control procedures to demonstrate 
that production lots of the lock illuminators will 
meet the specifications established by the Commis- 
sion for such lock illuminators; 

(g) Any additional information, including ex- 
perimental studies and tests, required by the 
Commission to facilitate a determination of the 
safety of the lock illuminator. 

(iii) Each lock illuminator will contain no more 
than 15 millicuries of tritium; 

(iv) The Commission determines that: 

(a) The tritium is bound in the luminous com- 
pound in a non-water soluble and non-labile form, 
and the compound is incorporated and bound in 
the lock illuminator in such a manner that the 
tritium will not be released under the most severe 
conditions which are likely to be encountered in 
normal use and handling; 

(b) The tritium is incorporated in the lock il- 
luminator so as to preclude direct physical con- 
tact by any person with the tritium; 

(c) The method of installing the lock illuminator. 
into the automobile lock is such that the lock 
illuminator will not become detached from the lock 
under the most severe conditions which are likely 
to be encountered in normal use and handling; 

(d) The device consisting of the automobile lock 
with the installed lock illuminator has been sub- 
jected to the prototype tests and meets the re- 
quirements prescribed by subdivision (Vv) ; 


(v) The prototype tests shall include the fol- 
lowing, to be conducted on each of five prototype 
devices in the following order: 

(a) The device shall be subjected to 100 hours 
of accelerated weathering in a suitable weather- 
ometer which simulates the most severe conditions 
of normal use; 

(b) The device shall be dropped upon a con- 
crete or iron surface in a three-foot free gravita- 
tional fall, or shall be subjected to an equivalent 
treatment in a test device simulating such a fall. 
The drop test shall be repeated 100 times from 
random orientations; 

(c) The device shall be attached to a vibratory 
fixture and vibrated at a rate of not less than 26 
cycles per second and a vibration acceleration 
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of not less than 2 G for a period of not less than 
one hour; 

(d) On completion of the foregoing tests, the 
device shall be completely immersed in water for 
24 hours and shall show no visible evidence of 
water entry into the lock illuminator. Absolute 
pressure of the air above the water shall then be 
reduced to 1 inch of mercury absolute pressure. 
Lowered pressure shall be maintained for 1 minute 
or until air bubbles cease to be given off by the 
water, whichever is the longer. Pressure shall 
then be increased to normal atmospheric pressure. 
Any evidenee of bubbles from within the lock 
illuminator, or water entering the lock illuminator, 
shall be considered leakage; 

(e) After each of the foregoing tests, the device 
shall be examined for evidence of physical dam- 
age and for loss of tritium. Any evidence of dam- 
age to any device which could affect the contain- 
ment of the tritium in such devices shall be cause 
for rejection of the design on which such proto- 
type devices were constructed or manufactured. 
Loss of tritium shall be measured both by sampling 
the liquids used in (d) and by wiping with filter 
paper the entire accessible area of the lock illumi- 
nator. The amount of tritium in the test fluid 
or on the filter paper shall be determined in an 
apparatus that has been calibrated to measure the 
tritium. If more than 0.1 percent of the original 
amount of tritium in the device is found in the 
immersing test water of test (d), or if more than 
2200 disintegrations per minute of tritium on the 
filter paper is measured, after any of the tests 
(a)—(d), the device shall be rejected. 

(2) Each person licensed under this paragraph 
shall maintain quality control in the manufacture 
of lock illuminators, or the installation of lock 
illuminators into automobile locks, and shall sub- 
ject production lots to such quality control tests 
as may be required as a condition of the license 
issued under this paragraph in accordance with 
the quality control procedures of Sec. 30.74. 

(3) Each person licensed under this paragraph 
shall file an annual report with the Director of 
Licensing and Regulation, which shall state the 
total quantity of tritium transferred to other per- 
sons under Sec. 30.12, during the reporting period, 
in the form of lock illuminators contained in auto- 
mobile locks. Such report shall identify by name 
and address all persons to whom a total of more 
than 5 curies of tritium were distributed under 
Sec. 30.12 during the reporting period. Each re- 
port shall cover the year ending June 30 and shall 
be filed within 30 days thereafter. 

[Ed. Note: Sec. 30.24(m) proposed November 7, 1961 
(26 FR 10487) subject to public comment for 60 days. 
“Pending adoption of the proposed amendment as an 
effective amendment the Commission will apply the cri- 
teria in the proposed rule in its review of applications 
for specific licenses to manufacture or import lock illumi- 


nators installed in automobile locks for distribution pur- 
suant to the exemption” [of Sec. 30.12].] 
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Sec. 30.26 General License, Oertain Diagnostic 
and Therapeutic Quantities. (a) A general license 
is hereby issued to any physician to receive, 
possess, use, or transfer in accordance with the 
provisions of paragraphs (b), (c), and (d) of 
this Section the following byproduct materials: . 

(1) Iodine 131 in capsules or other forms of 
prepackaged individual doses. | 

(2) Phosphorus 32 in capsules or other forms of 
prepackaged individual doses. | 

(b) No physician shall receive, possess, use, or 
transfer byproduct material pursuant to the gen- 
eral license established by paragraph (a) of this 
section until he has: ,; 


(1) Filed Form AEC 482, ‘Registration Certifi- 
cate—Medical Use of Byproduct Material Under 
General License’ in triplicate with the Director, 
Division of Licensing and Regulation, U. 8S. 


Atomic Energy Commission, Washington 25, 
D. C., and | 


(2) Received from the Commission a validated 
copy of the Form AEC-482 with registration 
number assigned. 

(c) A physician who receives a pharmaceutical 
containing byproduct material pursuant to the 
general license established by paragraph (a) of 
this section shall comply with the following: 


(1) He shall not possess at any one time, pur- 
suant to the general license in paragraph (a) of 
this Section more than: j 

(i) 15 millicuries of iodine 131 in capsules or 
other forms of prepackaged individual doses, and 

(11) 10 millicuries of phosphorus 32 in capsules 
or other forms of prepackaged individual doses. 


(2) He shall not receive, possess, or use the 
pharmaceutical pursuant to the gencral license 
in paragraph (a) of this section unless the con-, 
tainer bears a label which includes the following 
statement: ‘This pharmaceutical may be distrib- 
uted to physicians pursuant to general license 10 
CFR 30.26 of the U. S. Atomic Energy Com- 
mission.’ | 

(3) He shall use the pharmaceutical received 
pursuant to the general license in paragraph (a) 
of this Section ‘only for those uses described in 
the label or brochure accompanying the package. 

(4) He shall not transfer, abandon, or dispose 
of the pharmaccutical except: 


(1) By transfer to a person authorized to re- 
ceive the byproduct material pursuant to a specific 
license issued by the Commission or pursuant to 
the general license in paragraph (a) of this 
section. 

(11) By release into a sanitary sewerage system 
Provided, however, that the total quantity of by- 
product material released into the sanitary sewer- 
age system by the general licensee does not exceed 
more than 100 microcuries in any twenty-four 
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hour period and the total quantity of byproduct 
material released into the sanitary sewerage sys- 
tem by the general licensee does not exceed 
100 millicuries in any one year. 


(5) He shall not transfer such pharmaceutical 
to another person except in the unopened, labeled 
shipping container as received from the supplier. 


(6) He shall store the pharmaceutical until 
administered, in the original shipping container 
or a container providing equivalent radiation 
protection. 


(7) He shall not use the pharmaceutical for 
any purpose other than medical diagnosis of 
therapy. 


(8) He shall maintain, at each facility where 
the byproduct material is used, a calibrated and 
operable radiation survey instrument capable of 
measuring from 0.1 millirad per hour to 20 milli- 
rads per hour of the radiations emitted by the 
material generally licensed pursuant to paragraph 
(a) of this section. 

(9) He shall calibrate or have calibrated cach 
survey instrument at intervals not to exceed six 
(6) months and after each servicing. 

(10) He shall secure byproduct material against 
unauthorized removal from the place of storage. 

(11) He shall survey the immediate areas in 
‘which iodine 131 or phosphorus 32 is used for 
possible contamination immediately following a 
spill or unaccounted loss of any quantity of iodine 
131 or phosphorus 32 and shall decontaminate 
such areas to a level not exceeding 2 millirads per 
hour measured at a distance of one centimeter 
from the surface. 

(12) He shall maintain records showing the 
dates of calibration of each survey instrument, 
names of persons who performed the calibrations, 
and the results of surveys required by sub-para- 
graph (11) of this paragraph. 

(13) He shall assure that each container in 
which a quantity of more than 10 microcuries of 
iodine 131 or phosphorus 32 is transported, stored, 
or used bears a durable, clearly visible label bear- 
ing the conventional three-bladed radiation sym- 
bol (magenta or purple on yellow background) 
and the words: ‘Caution-Radioactive Material.’ 
If the container is used for storage the label shall 
also state the quantities and kinds of radioactive 
materials 1n the container and the date of meas- 
urement of the quantities. 

(14) He shall assure that each area or room in 
which a total of more than 100 microcuries of 
iodine 131 or phosphorus 32 is used or stored, 
excluding byproduct material contained in 
patients, is conspicuously posted with a sign 
bearing the conventional three-bladed radiation 
symbol and the words: ‘Caution—Radioactive 
Material(s).’ Such posting is not required for 
an area or room which is under the licensec’s con- 
trol, and which contains byproduct material for 
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less than eight hours, if the materials are con- 
stantly attended by an individual who will: take 
necessary precautions to minimize exposure of 
individuals to the radiation. 

(15) He shall comply with such radiation safety 
instructions which accompany the shipment of 
byproduct material and are referenced in the 
label attached to the container of the byproduct 
material. 

(16) He shall report by telephone or telegraph 
to the Director, Division of Licensing and Regula- 
tion, Atomie Energy Commission within 24 hours 
after its occurrence becomes known to the li- 
censee any loss or theft of more than one milli- 
eurie of iodine 131 or phosphorus 32. 


(d) In addition to the conditions, limitations 
and requirements of paragraphs (b), (c), and (d) 
of this section, the gencral license provided in 
paragraph (a) of this section is subject to the con- 
ditions, limitations and requirements of Sections 
30.32, 30, 33, 30.41, 30.42, 30.43, 30.44, 30.52 and 
30.61 of this part. 

(ce) The general licensee under paragraph (a) 
of this section is exempt from the requirements of 
Part 20 of this Chapter with respect to the by- 
product materials covered by the general license.” 


(Ed. Note: Sec. 30.26 proposed January 18, 1°62 (27 FR 
531); open to public comment for 90 days.] 


Sec. 30.27 Reserved. 


Sec. 30.28 General License, Cobalt 60 for In- 
terstitial, Intracavitary Therapy. (a) A general 
license is hereby issued to any physician who has 
at least three years of experience in the inter- 
stitial or intracavitary use of sealed sources con- 
taining radioactive matenals, and certifies to the 
Commission that he is familiar with the hazards 
and appropriate precautions associated with such 
sealed sources, to receive, possess, use, or transfer, 
in accordance with the provisions of paragraphs 
(b), (c), and (d) of this Section, cobalt 60 con- 
tained in needles or tubes designed and manu- 
factured for interstitial or intracavitary therapy. 

(b) No physician shall receive, possess, use, or 
transfer byproduct material pursuant to the gen- 
eral license established by paragraph (a) of this 
section until he has: 

(1) Filed Form AEC-482-A, ‘Registration Cer- 
tificate—Generally Licensed Medical Devices,’ in 
triplicate with the Director, Division of Licensing 
and Regulation, U. 8S. Atomic Energy Commission, 
Washington 25, D. C., and 

(2) Received from the Commission a validated 
copy of the Form AEC-482-A with registration 
number assigned. 


(c) A physician who receives byproduct ma- 
terial pursuant to the general license established 
by paragraph (a) of this section shall comply with 
the following requirements: 


(1) He shall not possess at any one time, pur- 
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suant to the general license in paragraph (a) of 
this Section more than 100 millicuries of cobalt 


(2) He shall not receive, possess, or use by- 
product material pursuant to the general license 


in paragraph (a) of this section, unless the con- 


tainer bears a label which includes the following 
statement: ‘This device may be distributed to phy- 
sicians pursuant to general license 10 CFR 30.28 
of the U. 8S. Atomic Energy Commission.’ 


(3) He shall have the cobalt 60 needles and 
tubes tested for leakage of radioactive material 
by a person specifically licensed by the Commis- 
sion to perform such tests, at no longer than 
twelve-month intervals by a test capable of de- 
tecting the presence of 0.005 microcuries of re- 
movable contamination on each sealed source. 
Any test which reveals the presence of 0.005 
microcuries or more of removable radioactive 
material shall be considered evidence that the 
sealed source is leaking. 


(4) He shall immediately withdraw from use 
any cobalt 60 needle or tube which is leaking or 
has been damaged or broken and shall cause it to 
be repaired by the supplier or other person hold- 
ing a specific license issued by the Commission toa 
manufacture or repair such needle or tube, or 
dispose of it by transfer to a person specifically 
licensed by the Commission to receive the by- 
product material. A report shall be filed in 
duplicate by the physician within 10 days after 
determining that any needle or tube is leaking, 
with the Director, Division of Licensing and Reg- 
ulation, U. 8S. Atomic Energy Commission, Wash- 
ington 25, D. C., describing the type of needle or 
tube involved, the test results, and the corrective 
action taken. 


(5) He shall not transfer, abandon, or dispose 
of the needle or tube except by transfer to a 
person authorized to receive the byproduct ma- 
terial pursuant to a specific license issued by the 
Commission or pursuant to the general license 
in paragraph (a) of this section. 

(6) He shall store the byproduct material, 
except when in use, in the shielded storage box 
or case in which it is received or in a container 
providing equivalent radiation protection. 


(7) He shall secure each cobalt 60 needle or 
tube against unauthorized removal from its place 
of storage. 

(8) He shall maintain, at each facility where 
the byproduct material is used, a calibrated and 
operable radiation survey instrument capable of 
measuring from 0.1 millirad per hour to 500 milli- 
rads per hour of the radiations emitted by the 
generally licensed material. 

(9) He shall calibrate or have calibrated each 
survey instrument at intervals not to exceed six 
(6) months and after each servicing. 

(10) He shall conduct after each use a physical 
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inventory of the cobalt 60 needles or tubes to 
account for all the byproduct material used. 

(11) He shall hospitalize any patient in whom 
the physician has inserted cobalt 60 until such 
time as the cobalt 60 is removed from the patient. 

(12) He shall complete and attach a radio- 
isotope record card to the bed or to the door of 
the room in which a patient with cobalt 60 in his 
body is hospitalized. The card shall accompany 
the patient whenever he leaves such room and 
shall include the following: 


(i) The conventional three-bladed radiation 
caution symbol. 

(ii) The name of the patient. 

(i111) The number of millicuries of cobalt 60 
which have been administered to the patient. 

(iv) The name of the physician in charge. 


(13) He shall post each area or room ‘in which 
a cobalt 60 needle is being used or stored with a 
sign bearing the conventional three-bladed radia- 
tion symbol (magenta or purple on yellow back- 
ground) and the words: ‘Caution—Radioactive 
material(s).’ 

(i) Such posting is not required for an area or 
room which is under the licensee’s control and 
which contains cobalt 60 needles or tubes for 
less than eight hours if the cobalt 60 is constantly 
attended by an individual who will take necessary 
precautions to minimize exposure of individuals 
to the radiation. 

(ii) Such posting is not required for a room 
or other area in a hospital because of the presence 
of cobalt 60 needles or tubes in patients provided 
there are personnel in attendance who will take 
necessary precautions to minimize the exposure of 
other persons to the radiation. 


(14) He shall not possess, use or transfer gen- 
erally licensed byproduct material in such a 
manner as to cause any individual, other than a. 
patient to whom the byproduct material is ad- 
ministered, to receive in any period of one calen- 
dar quarter from generally licensed byproduct 
material and other sources of radiation in the 
licensee’s possession a dose in excess of the limits © 
specified in the following table: 


Rems Per Calendar Quarter 

(i) Whole body; head and trunk, active 
blood-forming organs; lens of eyes; or 
PONAOS: bk erie iia eared eee 1y%, 
(ii) Hands and forearms; feet and ankles 1834 
(iii) Skin of whole body ati egestas 7 


(15) He shall supply a film badge, pocket 
chamber, or pocket dosimeter to, and shall require 
the use of such personnel monitoring equipment 
by, any individual who is likely to receive a 
radiation dose in any one calendar quarter in ex- 
cess of 25 percent of the applicable values speci- 
fied in subparagraph (14) of this paragraph. 

(16) He shall make or cause to be made such 
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radiation surveys as may be necessary for him 
to comply with the provisions of this Section. 
(17) He shall report by telephone or telegraph 
to the Mrector, Division of Licensing and Regu- 
lation, immediately after its occurrence becomes 
known to the physician, any loss or theft of a 
cobalt 60 needle or tube. 
- * (18) He shall maintain records of: 


(1) All tests performed on the cobalt 60 needle 
‘or tube as required under this Section, including 
dates and results of the tests and names of in- 
‘dividuals who conduct the tests. 

(ii) Dates of calibration for each survey instra- 
ment and names of persons who performed the 
calibrations. 

(iii) Inventories of cobalt 60 needles or tubes. 

(iv) The radiation dose of all individuals for 
whom personnel monitoring is required by sub- 
paragraph (15) of this paragraph. 

(v) Radiation surveys required by Sec. 30.28 
(c) (16). 

(19) He shall comply with such radiation safety 
instructions which accompany the shipment of 
‘byproduct material and are referenced in the 
label attached to the container of the byproduct 
-‘material. 


(d) The general license provided in paragraph 
(a) of this section is subject to the provisions of 
Sees. 30.32, 30.33, 30.41, 30.42, 30.43, 30.44, 30.52 
and 30.61 of this part. 


(e) The general licensee under paragraph (a) 
of this section is exempt from the requirements of 
Part 20 of this chapter with respect to the by- 
product materials covered by the general license. 


[Ed. Note: Scc. 30.28 prop: sed January 18, 1962 (27 FR 
531); open to public comment for 90 days.} 


Licenses 


Sec. 30.31 Issuance of specific licenses for use 
of byproduct material. (a) Upon a determination 
that an application meets the requirements of 
the Act and the regulations of the Commission, 
the Commission will issue a specific license author- 
izing the possession and use of byproduct material 
(Form AEC 374, “Byproduct Material License’’). 


(b) The Commission may incorporate in any 
license at the time of issuance, or thereafter by 
appropriate rule, regulation or order, such ad- 
ditional requirements and conditions with respect 
to the licensee’s receipt, possession, use and trans- 
fer of byproduct material as it deems appropriate 
or necessary in order to: 


(1) Promote the common defense and security ; 
_ (2) Protect health or to minimize danger to 
life or property ; 
(3) Protect restricted data; 
(4) Require such reports and the keeping of 
such records, and to provide for such inspections 
of activities under the license as may be necessary 
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or appropriate to effectuate the purposes of the 
Act and regulations thereunder. 


Sec. 30.32 Terms and conditions of licenses, (a) 
Each license issued pursuant to the regulations 


‘in this part shall be subject to all the provisions 


of the Act, now or hereafter in effect, and to all 


‘valid rules, regulations and orders of the Com- 


mission. ; | 

(b) Neither the license nor any right under the 
license shall be assigned or otherwise transferred 
in violation of the provisions of the Act. | 

(c) Bach person licensed by the Commission 
pursuant to the regulations in this part shall 
confine his possession and use of byproduct ma- 
terial to the locations and purposes authorized 
in the license. Except as otherwise provided in 
the license, a license issued pursuant to the 
regulations in this part shall carry with-it the 
right to receive, acquire, own, possess and im- 
port byproduct material and to transfer such 
material to other licensees within the United 
States authorized to receive such material. 

(d) Each license issued pursuant to the rerula- 
tions in this part shall be deemed to contain the 
provisions sct forth in section 183 a.-d., inclusive, 
of the act, whether or not said provisions are ex- 
pressly set forth in the license. | 

(e) Each license authorized under section 30.24 
(f) to distribute certain devices to generally li- 
eensed persons: : 


(1) Shall report to the Director, Division of 
Licensing and Regulation all transfers of such de- 
vices to persons generally licensed under section 
30.21(c). Such report shall identify each general 
licensee by name and address, the type of device 
transferred, and the quantity and type of by- 
product material contained in the device. The re- 
port shall be submitted within 30 days after the 
end of each calendar quarter in which such a 
device is transferred to generally. licensed per- 
sons; and 


(2) Shall furnish to each general licensee to 
whom he transfers such device a copy of the 
general license contained in section 30.21(e). 


(f) Notwithstanding the provisions of sections 
30.9 and 30.32(c) of this part, no person licensed 
by the Commission pursuant to the regulations in 


this part shall transfer possession or control of 


any product or material containing concentrations 
of byproduct material not exceeding those speci- 
fied in section 30.73 which he has introduced into 


the product or material unless the transferor has - 


received a license from the Commission pursuant 
to section 30.24(h) authorizing such transfer. The 
provisions of this paragraph (f) shall not apply 
to transfers to duly licensed persons of products 
or materials containing byproduct material for 
analytical, laboratory, or waste disposal purposes. 
This paragraph shall not be deemed to modify any 
authority granted to any person in a specific 
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license issued by the Commission prior to the 
effective date of this paragraph. 
[Ed. Note: Sec. 30.32(e) published in proposed form 


January 10, 1959 (24 270), and adopted effective 
February 10, 1959 (24 FR 1089, Fobruary 12, 1959). 


[Sec. 80.82(f) adopted effective Scptember 16, 1960, 
by notice published August 17, 1960 (25 FR 7875.) See. 
80.32(f) was originally proposed as Sec. 30.32(e) October 
81, 1958 (23 FR 8428), but the existing Sec. 30.32(e) 
was adopted subsequent to this time. The substantive 
provisions of the current Secs. 30.24(h) and 80.32(f) 
represent a clarified version of the originally proposed 
Sec. 30.32(e) of October 31, 1958.) 


(g) Each licensee authorized under Sec. 30.24 
(1) to manufacture, import, label, package, and 
distribute cobalt 60 needles or tubes to generally 
licensed physicians: 

(1) Shall report in duplicate to the Director, 
Division of Licensing and Regulation, all trans- 
fers of such cobalt 60 needles or tubes to phy- 
sicians generally licensed under Sec. 30.28(a). 
Such report shall identify each general licensee 
by name and address and registration number; 
date of transfer; the type of cobalt 60 needles or 
tubes transferred and the amount in millicuries 
of byproduct material contained in the needles or 
tubes. The report shall be submitted within 10 
days after the end of each calendar month in 
which such needle or tube is transferred to a 
generally licensed physician. 

(2) Shall furnish to each general licensee to 
whom he transfers such cobalt 60 needle or tube, 

(i) A copy of the general license established by 
Sec. 30.28. 

(ii) A certificate of calibration which shall 4n- 
clude a statement that the needle or tube has been 
tested and shows no detectable leakage of radio- 
active material to the exterior of the needle or 
tube, a statement of the dosage rate, and the name 
of the manufacturer. 


(Ed. Note: Sec. 30.32(g) proposed January 18, 1962 (27 
FR 531); open to public comment for 90 days.] 


Sec. 30.383 Exports of byproduct material. (a) 
No licensee shall export byproduct material from 
the United States except as authorized pursuant 
to this section. 

(b) Any licensee may export byproduct material 
covered by his license to any foreign country except 
Cuba or countries or areas now or hereafter listed 
' as Subgroup A countries or destinations in Sec. 
371.3 of the Comprehensive Export Schedule of the 
United States Department of Commerce (15 CFR 
371.3): Provided, That the authority conferred 
by this paragraph shall apply only to byproduct 
material having an atomic number from 3 to 83 
inclusive. 
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(c) Any licensee may export byproduct material 
covered by his license to Cuba to the extent that 
the byproduct material is contained in medicinals 
or pharmaceutical preparations or in devices, appli- 
cators, or appliances designed for use in medical 
diagnosis or therapy : Provided, That the authority 
conferred by this paragraph shall apply only to 
byproduct material having an atomic number from 
3 to 83, inclusive. 


(ad) The Commission may upon application by 
an interested person issue a license authorizing (1) 
the export of byproduct material to a country or 
area listed as a Subgroup A country or destination . 
in Sec. 871.3 of the Comprehensive Export Sched- 
ule of the United States Department of Commerce 
(15 CFR 371.3), or (2) the export of byproduct 
material not having an atomic number from 3 to 
83, inclusive, or (3) the export to Cuba of by- 
product material other than the byproduct ma- 
terial which may be exported under the general 
license established in paragraph (c) of this sec- 
tion: Provided, That the Commission will not issue 
a license authorizing such export if, in the opinion 
of the Commission, the proposed export would be 
inimical to the common defense and security. 

(Ed. Note: Scc. 30.33 (b) and (c) revised and Sec. 30.33 
(d) added hy notice published August 23 (26 FR 7824).] 

(d) The Commission may upon application by 
an interested person issue a license authérizing 
(1) the export of byproduct material to a cbuntry 
or area listed as a Subgroup A country on desti- 
nation in Sec. 371.3 of the Comprehensive Export 
Schedule of the United States Department of 
Commerce (15 CFR 3871.3), or (2) the export of | 
byproduct material not having an atomic number 
from 3 to 83, inclusive, or (3) the export to Cuba 
of byproduct material other than the byproduct 
material which may be exported under the general 
license established in paragraph (c) of this sec- 
tion : Provided, that the authority conferred by this 
paragraph shall apply only to byproduct material 
having an atomic number from 3 to 83, inclusive, 
and to tritium when contained in luminous safety 
devices installed in aircraft and distributed as gen- 


erally licensed items pursuant to Sec. 30.24(}). 

(Ed. Note: Sec. 30.33(d) proposed by notice published 
September 12, 1961 (26 FR 8522), subject to publie com- 
mont for 60 days.] 


Sec. 30.34 Expiration. Except as provided in 
section 30.35(b). each specific license shall expire 
at the end of the day, in the month and year 
stated therein. | 


Sec. 30.35 Renewal of License. (a) Applications 
for renewal of a specific license shall be filed in 
accordance with section 30.22. 
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(b) In any case in which a licensee, not less 
than thirty (30) days prior to expiration of his 
existing license, has filed an application in proper 
form for renewal or for a new license, such 
existing license shall not expire until the applica- 
tion for a renewal has been finally determined by 
the Commission. 


Sec. 30.36 Amendment of licenses at request 
of licensee. Applications for amendment of a 
license shall be filed in accordance with section 
30.22 and shall specify the respects in which the 
licensee desires his license to be amended and 
the grounds for such amendment. 


Seo. 30.87 Commission action on applications to 
renew or amend. In considering an application by 
a licensee to renew or amend his license the Com- 
mission will apply the applicable criteria set 
forth in sections 30.23 and 30.24. 


Sec. 30.38 Inalienability of licenses. No license 
issued or granted pursuant to the regulations in 
this part shall be transferred, assigned or in any 
manner disposed of, either voluntarily or in- 
voluntarily, directly or indirectly, through trans- 
fer of control of any license to any person, unless 
the Commission shall, after securing full informa- 
tion, find that the transfer is in accordance with 
the provisions of this act, and shall give its 
consent in writing. 


Sec. 30.40 Persons possessing byproduct ma- 
terial on effective date of regulations in this part. 
(a) Any person who on the effective date of the 
regulations in this part possesses byproduct 
material pursuant to an authorization hereto- 
fore issued by the Commission shall be deemed to 
possess such material pursuant to a license issued 
under the regulations in this part which shall 
expire ninety days after receipt from the Com- 
mission of a notice of expiration of such license. 
Such license shall be deemed to include all 
terms and conditions incorporated in such author- 
ization which are not inconsistent with or other- 
wise provided for in the regulations in this part. 

(b) Any authorizatien heretofore issued pur- 
suant to the regulations in this part shall be 
deemed to be a valid license during the period 
prior to the expiration date set forth in said 
authorization. Such license shall be deemed to 
include all terms and conditions incorporated in 
such authorization which are not inconsistent 
with or otherwise provided for in the regulations 
in this part. 


Records, Reports and Inspections 


Sec. 30.41 Records. (a) Each person who 
receives byproduct material pursuant to a license 
issued pursuant to the regulations in this part 
shall keep records showing the receipt, transfer, 
export and disposal of such byproduct material. 


Sec. 30.42 Reports of exports. Each licensee 
who exports byproduct material from the United 
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States shall, within 90 days from the date of such 
export, submit a report to the United States 
Atomic Energy Commission, Post Office Box &, - 
Oak Ridge, Tennessee, Attention: Isotopes Divi- 
sion, containing his name and address, the name 
and address of the consignee, the name and 
quantity of the byproduct material involved, and 
the date of shipment. 


Sec. 30.43 Inspection. (a) Each licensee shall 
afford to the Commission at all reasonable times 
opportunity to inspect byproduct material and 
the premises and facilities wherein byproduct 
material is used or stored. 

(b) Each licensee shall make available to the 
Commission for inspection, upon reasonable notice, 
records kept by him pursuant to the memati 
in this Chapter. 


Sec. 30.44 Tests. Each licensee shall a 
or permit the Commission to perform, such tests 
as the Commission deems appropriate or necessary 
for the administration of the regulations in this 
part, including tests of: 

(a) Byproduct material. 

(b) Facilities wherein byproduct material is 
utilized or stored, 

(c) Radiation detection and monitoring in- 
struments, and 

(d) Other equipment and devices used in con- 
nection with the utilization or storage of by- 
product material. 


Modification and Revocation of Licenses 


Sec. 30.51 Modification and revocation of | 
licenses. (a) The terms and conditions of each 
license shall be subject to amendment, revision 
or modification by reason of amendments to the 
act. or by reasons of rules, regulations and orders 
issued in accordance with the terms of the act. 

(b) Any license may be revoked, suspended or 
modified, in whole or-in part, for any material 
false statement in the application or any state- 
ment of fact required under section 182 of the 
act, or because of conditions revealed by such 
application or statement of fact or any report, 
record or inspection or other means which would 
warrant the Commission to refuse to grant a 
license on an original application, or for violation 
of, or failure to observe any of the terms and 
provisions of the Act or of any rule, regulation 
or order of the Commission. — 

(ce) Except in cases of willfulness or those in 
which the public health, interest or safety re- 
quires otherwise, no license shall be modified, 
auspended or revoked unless, prior to the institu- 
tion of proceedings therefor, facts or conduct 
which may warrant such action shall have been 
called to the attention of the licensee in writing 
and the licensee shall have been accorded an 
opportunity to demonstrate or achieve com- 
pliance with all lawful requirements. 


Sec. 30.52 Right to withhold or recall by- 
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product material. The Commission may withhold, 
recall‘or order the withholding or recall of by- 
product material from any licensee who is not 
equipped to observe or fails to observe such 
safety standards to protect health as may be 
established by the Commission, or who uses such 
materials in violation of law or regulation of the 
Commission, or In a manner other than as dis- 
closed in the application therefor or approved by 
the Commission. 
Enforcement 

Sec. 30.61 Violations. An injunction or other 
court order may be obtained prohibiting any 
violation of any provision of the act or any regu- 
lation or order issued thereunder. Any person 
who wilfully violates any provision of the act 
or any regulation or order issued thereunder 
may be guilty of a crime and, upon conviction, 
may be punished by fine or imprisonment or both, 
as provided by law. 


Schedules 


Sec. 30.71 Schedule A. The following devices 
and equipment incorporating byproduct material, 
when manufactured, tested and labeled by the 
manufacturer in accordance with the specifica- 
tions contained in a specific license issued to him 
pursuant to the regulations in this part, are placed 
under a general license pursuant to section 30.21 
(a) (1). 

(a) Static elimination device. Devices designed 
for use as static eliminators which contain, as a 
sealed source or sources, byproduct material con- 
sisting of a total of not more than 500 microcuries 
of Polonium 210 per device. 

(b) Spark gap and electronic tubes. Spark gap 
tubes and electronic tubes which contain byprod- 
uct material consisting of not more than 5 micro- 
curies per tube of Cesium 137, or Nickel 63, or 
Krypton 85 gas, or not more than one microcurie 
per tube of Cobalt 60. 

(c) Light meter. Devices designed for use in 
measuring or determining light intensity which 
contain, as a sealed source or sources, byproduct 
material consisting of a total of not more than 
200 microcuries of Strontium 90 per device. 

(d) Ion generating tube. Devices designed for 
ionization of air which contain, as a sealed source 
or sources, byproduct material consisting of a 
total of not more than 500 microcuries of Polon- 
ium 210 per device or of a total of not more than 
50 millicuries of Hydrogen 3 (tritium) per de- 
vice. 


[Ed. Note: Amended by notice dated September 27, 
1956 (21 FR 7563, October 3, 1956).] 


Sec. 30.72 Schedule B. The following quantities 
of byproduct material are generally licensed 
pursuant to section 30.21(a) (2). 
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Byproduct Material Column Ne. I | Cotamn No. i 
Not as a As a 
Sealed Source | Sealed Seuree 
(Microcuries) | (Microcuries) 
Antimony (Sb 124) 1 10 
Arsenic 76 (As 76) 10 10 
Arsenic 77 (As 77) 10 10 
Barium 140—Lanthanum 140 
(BaLa 140) 1 10 
Beryllium (Be 7) 50 50 
Cadmium 109—Silver 109 
(CdAg 109) 10 10 
Calcium 45 (Ca 45) 10 10 
Carbon 14 (C 14) 50 50 
Cerium 144—Praseodymium 
(CePr 144) 1 10 
Cesium—Barium 187 (CaBa 
137) 1 10 
Chlorine 36 (Cl 38) ] 10 
Chromium 51 (Cr 51) 50 50 
Cobalt 60 (Co 60) 1 10 
Copper 64 (Cu 64) 50 50 
Europium 154 (Eu 154) 1 10 
Fluorine 18 50 50 
Gallium 72 (Ga 72) 10 10 
Germanium 71 (Ge 71) 50 50 
Gold 198 (Au 198) 10 10 
Gold 199 (Au 199) 10 10 
Hydrogen 3 (Tritium) (H 3) 250 250 
Indium 114 (In 114) 1 10 
Iodine 131 (I 131) 10 10 
Iridium 192 (Ir 192) 10 10 
Tron 55 (Fe 55) 50 50 
Iron 59 (Fe 59) 1 10 
Lanthanum 140 (La 140) 10 10 
Manganese 52 (Mn 52) 1 10 
Manganese 56 (Mn 56) 50 50 
Molybdenum 99 (Mo 99) 10 10 
Nickel 59 (Ni 59) 1 10 
Nickel 63 (Ni 63) 1 10 
Niobium 95 (Nb 95) 10 10 
Palladium 109 (Pd 109) 10 10 
Palladium 103—Rhodium 103 
(PdRh 103) 50 50 
Phosphorus 32 (P 32) 10 10 
Polonium 210 (Po 210) 0.1 1 
Potassium 42 (K-42) 10 10 
Prascodymium 143 (Pr 143) 10 10 
Promethium 147 (Pm 147) 10 10 
Rhenium 186 (Re 186) 10 10 
Rhodium 105 (Rb 105) 10 10 
Rubidium 86 (Rb 86) 10 10 
Ruthenium 106—Rhodium 106 
(RuRh 106) 1 10 
Samarium 153 (Sm 153) 10 10 
Scandium 46 (Se 48) 1 10 
Silver 105 (Ag 105) 1 10 
Silver 111 (Ag 111) 10 10 
Sodium 22 (Na 22) 10 10 
Sodium 24 (Na 24) 10 10 
Strontium 89 (Sr 89) 1 10 
Strontium 90—Yttrium 90 
(SrY) 0.1 1 
Sulfur 35 (8 35) 50 50 
Tantalum 182 (Ta 182) 10 10 
Technetium 96 (Tc 96) 1 10 
Technetium 99 (Te 99) 1 10 
Tellurium 127 (Te 127) 10 10 
Tellurium 129 (Te 129) 1 10 
Thallium 204 (Tl 204) 50 50 
Tin 113 (Sn 113) 10 10 
Tungsten 185 (W 185) 10 10 
Vanadium 48 (V 48) 1 10 
Yttrium 90 (Y 90) 1 10 
Yttrium 91 (Y 91) 1 10 
Zine 65 (Zn 65) 10 10 
L-14 
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Bypreduct Material Column Ne. I 
Not as As a 
Sealed Souree Sealed Souree 
(Micrecuries) | (Microcuries)_ 
Beta and/or Gamma emi 
roduct material not emitting | ‘ | i 
a 


Ed. Note: Amended effective October 17, 1957, to 
add devices containing Hydrogen 8 (Tritium) as indicated 
(22 FR 8219). Amendment to Sec. 30.72, Schedule B, 
proposed August 27, 1957 (22 eR 6899).] 


Bec. 30.73 Schedule 0. 





Column | Column 
I II 


Liquid 
Element (atomic Isotope Gas con- | and 
number) centration | solid 

uc/m]? | concen- 

tration 

uc/ml ® 

Antimony (51)... SB 12QB  ———_ur.serscssesseeeeens 310- 

Sb 124 —__Ju.ressesscessoseees 210-4 

Sb 125 rca 1 ¢10-* 

Ar BS) cssscessscossenets ve| A 387 K10-9  Licccesccsees 

eas A 41 A107 Jone eeseseeee 

Arsenic (33)............c0 BTS. ‘iisetiateccieees: 5x 10-* 

AS 74 —_—_Jarcassccerscccccrees 5x10~ 

BETO. 8 Nidisdseraaterieiies 210-+ 

BOTT“ Vesekeicucsvevescets 810-4 

Barium (56)........0.cccscese Be ISL [issescssevesssensen. 2 10-* 

Ba 140 —_ursscsccsscsrceeees 3x10-* 

Beryllium (4)........cccsssee BOT « leesectseasrcates 210-8 

Bismuth (88)..........0000000 Bi 206 —Jussecscesssseeeseees 410-¢ 

Bromine (35).......c.ccscssee Br 82 4x10" | 3x10-* 

Cadmium (48).........cccs- Ca 100: avssasccnsscsasstess 210-* 

Ch 115m ssc cscescssseees 3x 10-* 

: Cd 115 Jace cceseccencees 3x10 

Calcium (20)...........ce Ca 45 diikesistiapisin¥s 9 10-* 

Ca 47 Dvscssinscsscascence 510-4 

Carbon (6)......cccccccsssseees C 14 1x10 |8>x<10-* 

Cerium 53) Sibeusdandevdasouces Co 141 Fees ecescsseeeee 9 10-* 

Co 143 Juices scesssssnsees 4x10~ 

Co 144 — J .icesssecessoeeee 110-¢ 

Cesium (55).......0c00008 saeees Ce 13y hisitevictetcesene 210-9 

Ca 134m J... ec esessceeseese 610-* 

C8 184 Ja. cssssscssceaces 9x 10-* 

Chlorine (17)..........scs008 Cl 38 910°" | 410-* 

Chromium (24).......cscsses. CeBy ss eaessteecesteeixss 2 10-* 

Cobalt (27)......c..sccssscovees CoB% | hhawesanctedaarltens 5<10-* 

Co58 Lasievetes 1x10-* 

| ee 510 

Copper (29).........cesssceee Cu 64 aN sc aatalesveateb dat 35¢10-* 

Dysprosium (66)............. Dy 166. divssiscssvscescescie 410-° 

DY AGC ol isisccstscescertes 4><10-¢ 

Erbium (68)........cssssee Br 169. i visswsvicsesssorie 9><10-¢ 

Brag danse 110-* 

Europium (63).........000 Bu 188 unas eeccessseceseees 6x 10-¢ 
Cee 2hrs)} 

165 Ricwssscsdostorsegies 210-8 

FIUOrING (Q)......s0.-ccscseosees . 18 210°* | 8><10-* 

Gadolinium (64)............. Ga 16S Nhsvissisccssssiccsie 2>¢<10-* 

Gd 159 Fan ccessecccoccveees 8 10-* 

Gallium (31)...........0c0000 Ge. TE Paskagecsvescessseave 410-¢ 

Germanium (332)............ GorTds  Niissisisavertectven: 210-* 

Gold (79)......soscsrescsroesers AW I9G  Missdsssesseesncsess 210-* 

Av. 198 —fanasrescccsscsseeees 510~ 

Au 199 ——Jurrecscocsosscscees 2 10-* 

Hafnium (72).......00000. Hf 181 , 1] asteabasavatventne 7x10-* 

Hydrogen (1)..........cse0. H 8 510° | 310-* 

Indium (49)... Im L18m — ns asessceesceoores 110-8 

Im 114m J easecssccscsonees 210-* 
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Todine (58)......0cscoeee eve 


Lanthanum (57) 
ia etan Ft) 
Manganese (25) 


Mercury (80) 


Niobium (Columbium) 
41). 


Palladium (46) 


Phosphorus (15) 
Platinum (78) 


Potassium (19) 
Praseodymium (59) 


Promethium (61) 


Rubidium (37) 
Ruthenium (44).., 


Selenium (34)... Se 


Strontium (38) 








= ic 


Gas con- 
centration | solid 


uc/ml 2 





SSSSCHSSHHSHSSOHSOLSE 


20 COSSOSHOHOOEHOEEEE 
SOOSCCSHSE SCE HOOCOOOOS 


eveseceesococseseser' 


eeseessescaeeecaeoees 
ebedoecesocogconcete 


POS HCCOHOSHOOHEOCOEES 


sSeeseeeveeeseasetese 
"Seesteeeesseeoeesee 
$F eeeSeOSoeSeeessssoe 
Tea eeeSOosSeeseseser 


FeCOseseoeesessegase 
eOSseSeossecssesaase 
920 06000808608 008080 
seesetcceoooecsssece 
esteoscecesecoesoene 
eeeseesetesegeeseses 
SHOCK RCHOEHERSHOOES 


Sveaveseeeesesegeese 
Peeeesseaoeseseseeeve 
SeeSeesesseseseeeene 
Seeceececssseceeesee 
2808868000888 HS8EE 
PCOCOCESCE HOCH OSSOHE 
FeSCOOSCCOHSOCEOOOCES 
tee eevdecsseseooesece 


=@eesesesceseeeesece 
So eteeeseseeesegscs 
sSeovbeesossesevecsce 


jp Ce OSOOHS OTH OESEEOE 
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Column {Column 
I II 











which are also radioactive. In expressing the concen- 
trations in Schedule O, the activity stated is that of the 
parent isotope and takes into account the daughters. 

Note 2: For purposes of Section 30.9 where there is in- 
volved a combination of isotopes, the limit for the com- 
bination should be derived as follows: 

Determine for each isotope in the product the ratio 
between the corcontration present in the product and 
the exempt concentration established in Schedule C for 
the specific isotope when not in combination. The sum 
of such ratios may not exceed “TI” (i.e., unity). 


Example: 
Concentration of Isotope A in Product 
Exempt concentration of Isotope A 


Liquid Liquid 
Element (atomic Isotope Gas con- | and Element (atomic Isotope Gas con- / and 
number) centration | solid number) centration! solid 
uc/ml* | concen- uc/ml? |concen- 
tration tration 
uc/ml ® uc/ml * 
Bulfur (16).......cccsccccees 8 35 9x10°* | 610 Vanadium (23)... ViGS & - Pessstbcsscossnccess 8<10-¢ 
Tantalum (738).....+s.000.. Te LBB J evssesonsesersssens 4X10 = enon (54) .esseccsssesconseess Xe 131m 4x10 |........ sects 
Technetium (48).......0... Te 96m — fn asecccescceceeeees 110-3 Xe 133 3310-* 
Te 960 fnneneneseoe 1x10-* dee iow | 
Telluriaim (53) cesses. cc. ee oe Ytterbium (70) ..scccccs Yb 175 eccccscsssecssse 15¢10-* 
Te 127 te ats 3510-8 Yttrium (39)... Yo O0°° | Fidscacsscestcnssase 210 
Te 129m 3¢10- Y Dim —___ Jun sesseecesseeceoee 8x10-* 
tee mena 4 Y 91 sssssessonsececseoee SK 10S 
Te TOU hissiscsssvccsseass. 6x10 ¥Y 99 
Te 13D | ecescccseceeeneee 3x10-+ fe pier ~oeers] 6X10" 
Terbium (65) sss: ST 60" Veceataie 4x10 AO eases 8x10" 
Thallium (81)........0ss00. TV S00 ssciesscessaesdcs A5C10- ZINC (30) ----ssevessesssoresssonn Zn 66 ssesosseoet 1K 10° 
TT BOL besessasesccsnssenss 3x 10-* Zn 69m sooeoed 7X 10~ 
TL 208 J asscsescesssssnees 13107" Zn 69 2<10-* 
T1204 —__erceccecccenceeccoee 1x10-* Zirconium (40).............. Zr D5 —=—=__ A vcesssecrccverenees 6 10-¢ 
Thulium (69).........sss0e0 Tr 170). Wistiascateccnccssts 5 10- Zr 97 secsscecseeseee| BK 107% 
Tem ATE NW isgeaceasacsacstcoss 5<10-* Beta and/or gamma es... ..sssssssssscnceccees 110° |1 10 
Tin (50) ..ccccccscccccsssssese eel Be LIB Wescscstsgeccsstses 9 10- emitting byproduct 
Bn 125 =... .sscsscenesecens 210 material not listed 
Tungsten (Wolfram) Weisk- | hiscaensnn 4 10-* above with half-life 
(74). W287 9 laiaknca: 7X<10-* less than 3 years. 
Note 1; Many radioisotopes disintegrate into isotopes 


Concentration of Isotope B In Product <1 
Exempt concentration of Isotope B_ 
2 Values are given only for those materials normally 


used as gases. 
* xc/gm for solids. 


Note: The reporting and record-keeping requirements 
contained herein have been approved by the Bureau of the 
Budget in accordance with The Federal Reports Act of 
1942. 


(Ed. Note: Sec. 30.73, Schedule C, published in pro- 
posed form October 31, 1958 (23 FR 8428). Format and 
values revised and Schedule C published in final form 
eae 17, 1960 (25 FR 7875), effective September 16, 
1960. 





Sec. 30.74 Schedule D, quality control proce- 
dures for exempt and general licensed luminous 
devices. (a) Each production lot of exempt or 
general licensed luminous devices licensed under 
paragraphs (i), (j) and (m) of Sec. 30.24 shall 


Accept- 
Sample | able num- 
size ber of 
rejects 





8,201-8,000 .........seeeee aes 295 
8,001-22,000 .......ceceeceeceess 300 


on 
Oo 
NOf nore Goococece 





2 All of lot. 
No. 837 


be sampled in accordance with the following 
schedule and subjected to such quality control 
tests as may be required as a condition of the 
license issued under paragraphs (i), (j) and (m) 
of Sec. 30.24. The entire lot shall be rejected if 
the tests result in rejects in excess of those speci- 
fied as acceptable. 


(b) If ten (10) or more consecutive lots of 
devices have been tested according to the schedule 
in paragraph (a) of this section and found accept- 
able, the sampling plan designated below may be 
followed. If a lot tested in accordance with the 
schedule below results in a number of rejects 
which exceeds the acceptable number of rejects 
in the schedule above for the same lot size, the 
entire lot shall be rejected. If a lot tested in 
accordance with the schedule below results in a 
number of rejects which is greater than the ac- 
ceptable number of rejects in the schedule below, 
but less than the acceptable number of rejects in 
the schedule above, additional samples shall be 
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taken so that the total number of samples is that 
specified in the schedule above and the additional 
samples shall be tested. If the number of rejects 
found in the testing of the additional samples, 
-when added to the number of rejects found in the 





Seapis. its on 
ample | able num- 
Lot size size ber of 
rejects 
Less than 5 e@ovseseevevese e@eosee (7) 0 
5-110 eoeeeeceeereseevneseonevece eevee 3 0 
111-180 e eee e oe 5 0 
181-300 ee e ° eee e e 7 ] 
801-500 eeneveeeeoeoeseseece ee 10 1 
501-800 eeooeceeeneeceos ooene ° 15 1 
801-1,300 eee @eeCPeoeoeerevese ener 22 2 
1,801-3,200 .....cccccvccccccsece 80 2 
8,201-8,000 eeceesececee Ceoceoezneeeos 45 3 
8,001-22,000 eee e eeeevever 60 4 





‘2 All of lot. 


initial testing, exceeds the acceptable number of 
rejects in the schedule above, the entire lot shall 
be rejected. 

(c) Should it be necessary to change from the 
testing schedule specified in paragraph (b) of this 
section to the testing schedule specified in para- 
graph (a) of this section, subsequent lots shall be 
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tested according to the testing schedule specified 
in paragraph (a) of this section and ten (10) con- 
secutive lots found acceptable prior to testing 
according to the schedule in paragraph (b) of this 
section. 


(d) All finished devices shall be free from flak- 
ing or chipping of luminous paint or other phys- 
ical defects in manufacture readily observable by 
visual inspection. . 


[Bd. Note: Sec. 30.74 first proposed September 12, 1961 
(26 FR 8522), subject to public comment for 60 days. 
First paragraph of proposed amendment changed to 
present form by new proposed amendment published 
November 7, 1961 (26 FR 10488), also subject to com- 
ment for 60 days. Original version of first paragraph 
read as follows: 

“Sec. 30.74 Schedule D, quality control procedures for 
luminous safety devices for use in aircraft. (a) Each 
production lot of luminous safety devices for use in air- 
craft licensed under Sec. 30.24(j) shall be sampled in 
accordance with the following schedule and subjected 
to such quality control tests as may be required as a 
condition of the license issued under Sec. 30.24(j). The 
entire lot shall be rejected if the tests result in rejects 
in excess of those specified as acceptable.” 

Notice of proposed rulemaking states: “Pending adop- 
tion of the proposed amendment as an effective amend- 
ment the Commission will apply the criteria in the pro- 
posed rule in its review of applications for specific li- 
censes to manufacture or import lock illuminators in- 
stalled in automobile locks for distribution pursuant to 
the exemption” [of Sec. 30.12].] 
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SECTION vu 
FEDERAL RADIATION ACTIVITIES 


THE ROLE OF THE PUBLIC HEALTH SERVICE IN THE FIELD OF 


RADIATION HAZARDS 


INTRODUCTION 


| The Public Health Service recognizes the traditional and constitutional 


relationships with regard to health protection from ionizing radiation as 
a part of the health responsibilities of States in the control areas, and 

as a cooperative venture with universities, voluntary agencies, and other 
Federal organizations, 


In the particular case of ionizing radiation, the Federal Government has 
operated with a greater system of control of sources, particularly through 
the Atomic Energy Commission and the Department of Defense, than is 
normally present in connection with other impairment factors. This and 
the research programs the Federal agencies have carried out serve as a 
base from which understanding of health effects and preventive measures 
can be projected in those areas where normal health-agency relationships 
can make the greatest contribution. 


From a health standpoint, the sources controlled or regulated by the . | 
Federal agencies must be considered in the context of... 


A, Other radiaflon exposures which have occurred and are continuing to 
product biological effects and... 


B. Exposures that will undoubtedly occur in the future. 
HEALTH AGENCY INTEREST 


Now, there has beena steadily increasing demand by the public, legisla- 
tors, and scientists in the various professions, for a more comprehen- 
sive radiological health development in health agencies, This demand has 
found expression in such actions as the passage of radiation safety codes 
by State legislators, organized community actions in certain areas, and 
formal questionnaires to professional bodies soliciting opinions of their 
members on the various aspects of health. Among the latter can be cited 
the recent American Public Health Association questionnaire wherein . 
health workers placed radiological health first in the list of programs 
requiring immediate development, 


The chief reasons for urging greater involvement of health agencies in 
the picture are these: 


RA, PH. con, 45.1. 60 


Role of Public Health SATU. 


Ill. 


soe ee ee ee a YS a 


A. All Radiation. Sources are on the Increase 
1,:\ The X-ray, first of the artificially produced sources, is an 


example, as the following table discloses: 


Estimated Annual Whole-Body Dose in Millirems 
of External Radiation from Natural and X-Ray Sources 


Year Natural Sources X-Ray Sources 
1925 100 15 
1935 100 40 
1945 100 75 
1955 100 135 


'.. Therefore, the total X-ray exposure is now believed to be above 
that of natural background. 


Z. The increased number of newer sources---nuclear reactors and 
byproducts, particle accelerators, naturally occurring radio- 
active materials, and fallout constituents---further add to the 
exposure from X-ray. 


B. The Lack of Exact Knowledge Regarding Low-Level Effects of Radiation 


This is true of both somatic and genetic effect. Possible genetic 
effects and effects on the young have the most serious potential. 


C. Health agencies should have primary responsibility for safeguarding 
the public against the health effects of radiation--this to include pro- 


tection from individual as well as environmental sources. 


D. The health professions should have a greater part in establishing 
sound standards through research and its applications. 


PHS ACTIVITY EXPANSION 


Although the Public Health Service had been much interested in radio- 
logical health for a number of years, budgetary support for a more com- 
plete program was generally lacking. Asa result of the Surgeon General's 
study of all national health problem areas, conducted in collahoration with 
his staff, it was decided that this program required considerable develop- 
ment and enlargement of its scope, 


a9u 


—_— rl r rll ellie, eee Ole 


a ee e -7e ae wea mee eee ee ee eee 


A. 


B. 


C. 
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Formation of The National Advisory Committee on Radiation was an 


early step in this direction. Within a few months of its organization, 
it was able to develop a tentative formulation of the program needs 
which began to hasten the development of the final program blueprint 
that later emerged. 


Anew Division of Radiological Health in the Bureau of State Services 
was created by the Surgeon. General in this early period. The Division 
was activated July 1, 1958, with an annual budget of $634,000. This 
has since enabled development of a program providing for increased 
emphasis in training, research, and technical assistance. 


Important Developments During Fiscal Year 1959 


FY 1959,witnessed a number of significant developments. 


1. The Surgeon General's National Advisory Committee on Radiation 
submitted to him on March 12, 1959, a report outlining a pro 
for the control of radiation hazards in the United States. This 
report was distributed to all of the State Health Officers shortly 
after its appearance. It only remains to say at this time that the 
report dealt with both... 


a. The general principles of radiological health development 
wifhin the PHS and 


b. Certain specific details of both immediate and long-term 
importance, 


Among the details were such matters as: the need for a con- 

- comitant development of programs in all of the States, with 
assistance from the Public Health Service; the national needs 
in training; and an especially significant pdint---the assign- 
ment of responsibility for health protection to a single agency 
in the Federal Government, The Advisory Committee felt that 
this responsibility should reside in the PHS. 


2. Within a short time after the appearance of the report, Senator 
Hill introduced a bill, S. 1628, which embodied the main recom=- . 
mendations of the Committee's report. Preliminary hearings 
were held, but no final action was taken, during the 1959 Con- 
gressional Session. 
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Role of Public [lealth Service 


3. 


Many other hearings were held during the 1959 Session, and 
toward its end legislation was passed revising certain features 
of the Atomic Energy Act having some significance for Federal - 
State-Local radiological health programs. : 


Considerable progress was made in 1959 by way of appropria- 
tions for radiological health for FY-1960. Congress voted 

$2, 489, 100 for the 1960 program, representing approximately 
a fourfold increase over the preceding year. 


D. The Radiological Health Program of the Service for Fiscal Year 1960 


1. 


As a result of the intense interest in the whole field of radiologi- 
cal health during 1959, the President requested the Bhreau of the 
Budget to study the whole matter, particularly the question of 
assignment of responsibility, within the Federal establishment, 
for needed activities in radiological health. 


This Bureau of the Budget study was carried out in cooperation 
with those Federal agencies most intimately involved in the radio- 
logical health picture. This study resulted in an Executive Order, 
dated August 14, 


a. The Order established the Federal Radiation Council, which 
will deal with the various problems arising out of the atomic 
age. Health protection during the controlled use of ionizing 
radiation is recognized as one of the more important of the 
problems, 


secretary of Health, Education, and Welfare Arthur S. 
Flemming was named Chairman of the Council, and a Public 
Health Service officer, Dr. Donald R. Chadwick, was ap~ 
pointed full-time Secretary, The Council's first meeting, 
mainly devoted to organization, was conducted September 9, 
1959, 


b. An accompanying provision of the Executive Order was the 
assignment of responsibility to DHEW for the collation, 
analysis, and interpretation of data on radiation levels ori- 
ginating in such sources as natural background, radiography, 
medical and industrial uses of isotopes, X-rays, and fallout, 
with the intention that the Secretary might advise the Presi- 
dent and the general public on such matters. 


hx 


7 | od ay _ 


a2 wr tl 


Be eh ed We Ge er le 


me em ee eee 


ww ’. ! Lal 


mii pre (22. eho enw eS a em a eae ae ere es ein! ote: . . . - - eo ee wee —_— — —=e. - ws ew ee — ee —- 


c. This Order also calls for an intensification of radiological 
health activities in this Department. In turn, the Secretary 
has delegated responsibility for carrying out this function to 
the Public Health Service. 


E. Specific Items of Accomplishment to Date During Fiscal Year 1960 


1. 


Four of the eight DHEW Regions (San Francisco, Calif. ; Denver, 
Colo.; Kansas City, Mo.; and Atlanta, Ga.) have been staffed 
with full-time Regional Consultants, In the other four, where 
the Public Health Service maintains a unit in the Regional Office, 


.. (New York, N.Y.; Chicago, Tl.; Dallas, Tex.; and Charlottes- 


ville, Va.), regional staff officers have been designated to give 
part-time attention to the radiological health program. The goal. 
is to attempt full-time coverage of these last four regions by the 
end of 1960. All of the eight officers are available for technical 
consultation to the States and for assistance in helping the States 
develop their own radiological health programs. Thirteen officers 
have been assigned to 13 States for full-time work during this 
fiscal year. This is another step to assist the States in develop- 
ing their own programs, 


Because of the lack of trained personnel, a training program i8 
essential and basic to radiological health program development, 

In that connection, the training committee of the National Advisory 
Committee on Radiation has estimated national needs to be as 
follows: 


Radiation health specialists 1, 200 
Radiological technicians 4,000 


Therefore, training is being stimulated both within and outside 
the Public Health Service. 


a. The Service has assigned 25 officers to full-time post~ 
graduate training ontside the Service this fiscal year. 


b. Several States, through National Training Act assistance, 
have succeeded in placing a number of students in full-time 
radiological health in various academic settings. 


Role of Public Health Service 


c. The Public Health Service is also working intensively with 
various training centers, particularly those that have schools 
of public health, in assisting curricula development appro- 
priate for public health workers in the field of radiological 
health. This is needed because most previously existing 
curricula have emphasized the physical aspects of the field 
with the result that courses have generally been directed 
along such highly specialized lines. 


d. In addition to stimulating development of long-term academic 
curricula, the Service is augmenting its short-course train- 
ing and preparing to take more training to the field. 


One of the areas of greatest importance in the field is the control 


of radiation hazards from medical and dental X-rays. Therefore, 


the Service is intensifying its program in that area this year by 
the development of teams to both measure and correct unnecessary 
exposure from these sources. 


Since the chief understanding of nuclear energy so far has been 
related to its physical aspects, with resultant gaps in our know- 
ledge reppecting effects on living matter, the Service is orienting 
its research program about the elucidation of the biological phe~ 
nomena, Therefore, a good part of its research effort is epidem~ 
iological. 


a. In so ding, it is investigating problems connected with the 
X-ray, natural background radiation, and the distribution 
and effects of radionuclides derived from fallout. 


b. The Research Branch has increased its staff for this work 
through the assignment of well-qualified people whose num- 
ber will be augmented by others in training or in process of 
recruitment. 


c. Work is proceeding on improved instrument-utilization, in- 
volving more precise and extensive measurement of radiation 


in the environment. 


d. A beginning has also been made toward estimating the health 
effects from low-level exposure, 


e. Some of the studies now under way or about to begin within a 
very short time are on: 
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Natural background in the Northeastern States; 
Effects of irradiation of the child in utero; 


Uptake of radionuclides by the body's resulting in radio- 
active deposits in various organs, and 


Intensive analysis of the environment and certain portions 
of the population in the Animas River area; intensive en- 
vironmental analyses of radiation exposures in areas where 
such exposure is believed to be high; and, as staff and other 
resources are procured, investigations of other fundamental 
problems of public health importance, 


F. PHS Radiological Health Program for the Future 


1, 


The Service hopes that within the next few years there will come 


into existence a comprehensive radiological health program in «-. 


each State. The Service will assist in the ways indicated above. 


In 1960,the Service expects to have two additional laboratories in 
opetation, at Las Vegas, Nev., and Montgomery, Ala. Added to 
the long-established facilities at the Sanitary Engineering Center 
in Cincinnati, the new laboratories will represent a considerable 
step-up in available laboratory resources to both the States and 
the Public Health Service. 


A third branch laboratory is visualized before the close of 1960, 
with a program designed to make basic contributions to better 
management of X-ray and to the development of special instru- 
ments like the portable whole-body counter, for application in 
the program operations as well as the research field. 


In addition, an ongoing program of background studies will have 
been initiated and intensified. 


Experience will also have been gained in the program of collation 
and analysis of data on all sources, with resulting guidelines af- 
fecting further work; and, hopefully, by 1961 the Service will be 
making a significant contribution to the better formulation of 
standards. | 
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RADIOLOGICAL HEALTH ACTIVITIES OF OTHER FEDERAL AGENCIES 


INTRODUCTION 


A large number of Federal agencies other than the Public Health Service 
are involved in radiological health activities --- sometimes by specific 
legislation, sometimes by Executive directive, and often by definition 
of regulations which do not specifically mention radioactive substances 
(e.g., controls on poisons and other dangerous materials). 


The Department of Defense, with the background of the development of 

the first nuclear detonations, is the veteran agency in the nuclear energy 
field and continues to have a role of importance in many aspects of training, 
research, and development. A great many of the Department's operations 
are necessarily classified, and it consequently cannot involve itself as 
directly as other agencies in public affairs concerning radiological health. 
However, it is an important collaborator in many interagency projects, 

and a limited amount of its material on such matters as hazard control, 
waste disposal, protection standards, etc. is declassified. 


The Atomic Energy Commission was the first significant peacetime 
agency in the United States' large-scale and expanding activities in 
diversified nuclear research, in production of radionuclides, and in 
nucleonics the applications of nuclear energy in the sciences, 
industry, agriculture, and other fields. Although considerable AEC 
work is classified, a large amount of information has been issued by 
its installations, now nationwide, since passage of the Atomic Energy 
Act in 1946. 





Succeeding years rapidly brought various responsibilities in Radiological 
Health into the spheres of activity of many other agencies of the Govern- 
ment --- notably the Interstate Commerce Commission, the Department 
of Labor, the Food and Drug Administration, the Coast Guard, the 
Maritime Administration, the Civil Aeronautics Administration, and 

the Bureau of Mines. Sections of this outline are devoted to each. 


Subsections are devoted to Federal Agency-State co-operative relation- 
ships when such relationships are important in Agency operation. 
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II, ATOMIC ENERGY COMMISSION 


For many years the Atomic Energy Commission has been developing and 
supervising a comprehensive system of safety controls over most | 
materials and facilities essential to peaceful-uses of atomic energy. 

It has quasi-legislative, quasi-judicial powers, with licensing and 
inspection.as its principal methods of control. 


In spite of its broad authority, the Commission does not have control 
over all sources of ionizing radiation. Naturally-occurring radio- 
nuclides (excepting certain uranium and thorium materials) do not fall 
under AEC jurisdiction. Nor do accelerator-produced radioactive 
materials. Nor X-ray or fluoroscopic machines, significant though 
they are as sources of radiation exposure. 


Important to any discussion of AEC activities is an understanding of 
some of the basic definitions they have established. 


A. Materials Defined 


1. . Source Materials. These are any materials, excepting fission- 
able materials, containing one-twentieth of one percent by 
weight of uranium or thorium or both. Private ownership of 
these is permitted, but after removal from their place of 
deposit in nature they may not be transferred in any significant 
amount, nor used, without AEC license. 


2. Special Nuclear Material. These are plutonium, uranium 233, 
and uranium ‘enriched in its isotopes 233 or 235. The AEC holds 
title to all such materials, which are, essentially, reactor fuels. 


3. Byproduct Materials. These are the radionuclides, other than 


special nuclear materials", produced in reactor operations. 
Special and byproduct materials may not be manufactured ~ 
possessed, transferred, or used without AEC license. 
B. Facilities Defined 
The AEC generally determines by individual case whether a facility 
shall be classified as "production" or "utilization". Neither type 
may be manufactured, possessed, or used without AEC license. 


1. Production facilities include: 


a. Installations for processing irradiated materials; 


a 


C. 


b. Facilities for separating isotopes of uranium or plutonium; 
and 


c. Reactors designed to be used primarily for production of 
special nuclear material. 


2. Utilization reactors 
a. ll reactors other than production reactors are classified 
as utilization reactors. Utilization may include research, 
manufacture of byproduct materials, generation of power 
for transmission, or generation of power for propulsion. 
Licensing 


AEC licensing obligates the licensee to set up in a suitable location 
and provide and maintain equipment, facilities, techniques, per- 
sonnel, and control procedures commensurate with the hazard to 
individual and public safety presented by his operation. Hazards, 
and consequent AEC requirements, vary greatly according to such 
factors as site, purpose of operation, and type(s) of radionuclides 


involved. 
1. Reactor Licenses. ‘Regulations set standards for, first, issuance 


_ of construction licenses, and later, issuance of operating 


licenses. The AEC technical staff and its Advisory Committee 

on Reactor Safeguards ordinarily give help from the very inception 
of planning. Design and hazard-analysis information may be 
submitted piecemeal. Repeatedly there is review and re- 
evaluation, even before a provisional construction permit is 
issued. Primary consideration is to minimize possible. 

accidental release of fission products. There must be exhaustive 
final review before an operating license is granted. 


AEC Contractors' Licenses. These may be for a variety of 
activities, not necessarily different from those of independently 
operating licensees, sometimes with health and safety considerations 
of types not routinely considered in the licensing program. 


Operators' Licenses. No individual may legally manipulate the 


controls of any production or utilization facility without a valid 
operator's license. A written examination to test understanding 
of general design and characteristics of the facility, a demon- 


stration of actual operating ability for safety and competence, 


and a physical examination, all are required before an individual 
is licensed as an operator. 


age 


D. 


E. 


4. Examples of types of licensing which may involve considerably 
contrasting regulatory specifications are medical diagnosis, 
therapy, and research, using radionuclides of virtually all 
activity levels; handling of special nuclear material, with the 
necessity of guarding against accidental criticality; industrial 
radiography; commercial waste disposal; and many other pro- 
duction and use operations. 


Inspection 


1. Inspections of licensees serve several purposes: 


a. The basic objective of confirming that adequate controls 
of radiation hazards are being maintained. 


b. Check of compliance with special conditions required under 
the permit or licenses; e.g., that the radioactive material 
is being used only for the licensed purpose. 


c. . Determination of causes of radiation accidents and incidents 
and review of corrective actions taken. 


d. Collection of information which may be applied to Pao 
- and operations for the future. 


Controls 


The AEC has strict rules and detailed surveillance procedures for 
control of radiation and determination of ma&kimum permissible 
exposure. Personnel, area and environmental monitoring; proper 
instruction of personnel; well-regulated waste disposal; and keeping 
of adequate records and reports all are emphasized. 


ved 


Public Information 


The Administrative Rracedure Act requires public participation in 
issuance or amendment of AEC regulations, although in emergency 
involving public health and safety a regulation may be effective 
immediately on publication. The Commission also is required to 
grant hearings to persons whose interest might be affected by 
issuance, suspension, revocation, or amendment of licenses. To 
assure the public of reasonable opportunity for participation, the 
AEC follows several practices: 


1. Proposed activities are advertised in the Federal Register. 
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2. Applications and related documents are filed and made avail- 
able for public inspection. 


G. AEC-State Co-operation 


Aside from co-operation networks in which AEC and States are 
only two among many participants, and aside also from the AEC's 
usual channels of dissemination of information to the public, there 
are a number of direct AEC-State linkages. 


1. InSeptember, 1959, Congress authorized the AEC to discontinue 
its regulatory authority over certain materials, where such 
authority could be transferred to suitably prepared States "_ 
by agreement with their Governors. The authorization covers 
byproduct materials, source materials, and special nuclear 
materials in quantities not sufficient to form a critical mass. 
Essentially the transferred authority is for inspection and 
hazards-control only, and does not cover construction and 
operation of production and utilization facilities, export and 
import, sea disposal, unlicensed disposal of potentially hazardous 
material, and unlicensed transfer of possession or control. 


2. States now are notified of radionuclides users within their borders; 
issuance of licenses for operations with byproduct, special nuclear, 
and source materials; applications far facility licenses and actions 
on such applications; and other applications, as for waste disposal. 


3. On request, AEC staff reviews, and advises on, proposed State 
legislative actions and other regulatory matters. 


4. AEC field offices work closely with various State agencies and 
officials routinely and in emergencies on problems pertaining 
to their field regions, and in providing technical information and 
advice to State personnel. 


Inspections are often co-operative, with the AEC sending notices 
of scheduled inspections, or investigations of incidents, to 
appropriate agencies. 


5S. Environmental control, especially in respect to waste management, 
is the basis of strong working relationships between AEC and 
certain States or interstate agencies; (e.g., stream-sanitation 
compact commissions with several member-states). These 
organizations also supply useful environmental data to AEC, 


6. Education and training are extended by AEC in a variety of ways: 


-5- 


a. . States are encouraged to enroll radiological-control personnel 
in the AEC Fellowship Program for professional training in 
radiation physics. 


b. . A number of State Civil Defense training programs have been 
conducted at the Nevada Test Site. 


c. Instructor-training seminars for such personnel as fire- 
fighters and police are offered. 


_d. . Seminars are conducted in a variety of radiological health 


and other subjects of interest to specialized personnel. 


e. The AEC conducts, or assists in, various training programs 
toward assuring an adequate supply of technical manpower 
for the Atomic Age. 


f. The AEC may subsidize organization of courses in radiological 
subjects, or installation of training equipment, at educational 
institutions. 


H. Webs iof ‘Co-operation 


The AEC's co-operative arrangements with other Federal agencies --- 
with States alsoincluded inmany specific instances --- are so varied 
that they can be only briefly enumerated here. For instance: 


1. 


Occupational-health studies in uranium mining. With the U.S. 
Public Health Service and Colorado Plateau States. 


Notifications, briefing, and exchange of information in preparation 
for Nevada site tests. With the PHS and States of that area. 


A mutual assistance agreement with the Department of Defense; 


e.g., for such activities as stratopheric radioactivity sampling. 


Technical assistance for the Defense Department and the Department 
of Agriculture in study of fallout after weapons tests. 


Establishment of radiological safety criteria for continental weapons 
testing, and reporting on exposure of personnel on and off the test 
site. 


Co-operation in formulating radiological safety criteria for Eniwetok 
Proving Grounds. 


“6. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


Activities, with the Departments of Defense, State, and Interior, 
in connection with exposure of persons to local fallout from Pacific 
tests. 


Support of 40 monitoring stations throughout the country, in co- 


operation with the PHS, to measure fallout, with the primary 
purpose of gathering early semiquantitative information. Most of 
the stations are operated by States. 


A program on the effects of radionuclides (wastes, fallout, etc.) 
on the fishing industry. With the Departments of Interior, State, 
and Health,. Education, and Welfare. 


Contracts with other nations for co-operative studies. With the 
Department of State. | 


Study of miners’ exposure to radon in non-uranium hard-rock mines. 
With the PHS. 


Development of design and performance criteria for respirators 
and masks. With the Bureau of Mines. 


Studies of environmental pollution, especially of streams, by radio- 
active ore mills. With the PHS, several States, and technical 
assistance from the Bureau of Standards.: 


Reactor site selection and identifying areas suitable for future 
sites. With the technical assistance of the Geological Survey and 
the Weather Bureau. 


Study of New York Harbor as a representative port for investigation 
of port and seaway problems incident to the nuclear powering of ships 
and submarines. With the PHS, Coast and Geodetic Survey, Mari- 
time, Commission,. Department of Defense, the States of New York, 
New Jersey, and Connecticut, and assistance from the Corps of 
Engineers. 


Studies of effects of AEC operations on animals in the several 
environments. With the Department of the Interior and the PHS. 


Consultative and technical advice, frequently for review of 
regulations, on transportation of radioactive materials. For the 
Interstate Commerce Commission, Civil Aeronautics Administration, 
Coast Guard, and Post Office Department. 


(NOTE: Specia] shipments of radioactive materials may be made under 
supervision of AEC Operations Offices, with specially trained drivers 
and escorts), 
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18, Development of criteria and procedures for transportation and 


19. 


20 


21. 


22. 


storage of nuclear weapons, and for emergency action in con- 
nection with such shipments. With the Department of Defense. 


Interagency Committee activities. This committee was formed 

to co-ordinate participation of the Departments of Health, Education, 
and Welfare; Labor, Defense, State, and Post Office; the Office 

of Defense and Civilian Mobilization, the Interstate Commerce 
Commission, the Civil Aeronautics Administration, the Coast 


Guard, the Weather Bureau, and the States in emergency radiological 


assistance. 


. Aerial survey techniques developed by the Gevlogical Survey far 


appraisal of distribution of radiation at ground level are being 
applied by AEC for both peaceful and military use: Levels of 
activity at principal reactor sites are being established to permit 
rapid evaluation of environmental contaminants resulting from 
any catastrophic release of radioactivity. The same techniques 
are applied to delineate principal areas of fallout from the Nevada 
tests. 


Directly with or for the Food and Drug Administration, the AEC 
co-operates in problems concerning radioactivity introduced into 
or applied to foods, drugs, cosmetics, and ‘therapeutic devices. 


Export and import control of atomic energy material and equip- 
ment. With the Department of Commerce and a close working 
relationship with the Bureau of Customs. 


Ill, DEPARTMENT OF LABOR 


The organic law of the Department of Labor --- "To promote the welfare 
of the wage earner" --- makes protection of workers from radiation of 
primary interest to the department, although statutory responsibility for 

_ such protection is shared with various States and with some other Federal 


agencies. 


Major departmental responsibilities and activities include the 


following: 


A. 


Regulatory Jurisdiction 


Under the Fair Labor Standards Act of 1938, as amended, the Depart- 
ment of Labor has limited regulatory jurisdiction in the radiation 
protection field. Its Hazardous Occupations Order No. 6, issued in 
1942, prohibits employment of persons less than 18 years old in occupations | 
involving exposure to radioactive substances, The Walsh-Healey Public 
Contracts Act also admits the Departmentto activity in guarding 
workers! health. 
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C. 


AEC Memorandum 


In August, 1956, the Department of Labor and the AEC concluded a 
Memorandum of Understanding to enable the Department to carry out 
its responsibilities for determining employment and training problems 
rising from the development and utilization of atomic energy and 
materials for peaceful purposes, and the means of dealing with them. 
The Department agreed to undertake, within its resources, a number 
of activities in the following areas, as concerned with worker welfare 
in atomic energy and radionuclides operations: 


1. Workmen's Compensation --- Conducting studies to determine 
occupational disease and other injury hazards involved in pro- 
duction and utilization of atomic energy and materials, to determine 
and promote provisions protective against hazards and needed in 
workmen's compensation laws. 


2, Stimulating interest and activity at all levels in provision of 
adequate industrial health and safety practices and codes. 


3. Identifying training needed by the industrial work force to prepare 
personnel at all levels of skill for employment in the atomic 
energy industry, and aiding in organizing such training. 


4. Conducting both special and continuing studies on wage and in- 
dustrial relations practices in atomic energy installations. 


5. Conducting special and continuing studies by geographic area, 
occupations, and industry to determine nature and extent of 
changes in employment opportunities and levels, in unemploy- 
ment, and in recruiting and hiring processes. 


6. Conducting research and studies including, but not limited to, 
examination at the plant level of technological effects of atomic 
energy, and projection of the amounts and rates of introduction 
of all types of atomic energy into manufacturing and nonmanufactur- 
ing industries. 


Co-operation With States 


Both in implementing its understanding with AEC and in meeting other 
responsibilities, the Department of Labor frequently works directly 
and closely with states. Examples of such activities: 


1, The Bureau of Labor Standards has prepared an orientation course 
for State labor department inspection personnel assigned to control 
of radiation hazards. 
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2. In order to provide compliance with the safety and health provisions 
of the Public Contracts Act and reduce duplication of activities, 
co-operative agreements with approximately half of the States 
provide for State labor agencies' making safety and health inspections 
of plants subject to the Act. 


3. The Department and the States are most concerned with studies 
of needful changes in statutes setting time limits for filing of 
claims for occupational injuries. Oldstatutes make no allowance 
for the years of delay that may precede manifestation of radiation 
injuries. 


D. Miscellaneous’ Co-operative Activities 


Like other Federal agencies, the Department of Labor can be identified 
at many points in the webwork of co- operation for the Atomic Age. 
Among such associations: 


1, The Bureau of Labor Standards (BLS) is represented ona 
National Committee on Radiation Protection and Measurements 
subcommittee developing recommended standards for protection 
of workers from exposure. 


2. The BLS also is active on an American Standards Association 
committee developing a code on nuclear energy. 


3. BLS participates with a committee on Atomic Energy of the 
International Association of Industrial Accident Boards and 
Commissions on workmen's compensation aspects of nuclear 
energy. 


4. . Since both State health and labor agencies are concerned with 
radiation protection, the Department and the PHS have a memo- 
randum of agreement setting forth areas of responsibility be- 
tween health and labor agencies and providing a guide for their 
own activities in that context. | 


IV. FOOD AND DRUG ADMINISTRATION 


Principally responsible for protecting the nation's food, drug, therapeutic- 

._ device, and cosmetic supplies, and assuring their safety, wholesomeness 
and purity, the Food and Drug Administration (FDA) was drawn into the 
radiological health field by-its concern with deleterious and dangerous 
substances, even before the Federal Food,. Drug, and Cosmetic Act Food 
Additives Amendment of 1958 specifically mentioned radiation. 
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A. Specific Directives on Radioactivity 


In accordance with the Presidents' Executive Order of August 14, 1959, 
the Secretary of Health, Education, and Welfare has outlined the following 
Food and Drug Administration responsibilities for application to goods 
within its jurisdiction (in interstate commerce): 


1. 


2. 


Determining permissible levels of radioactivity. 
Promulgating such permissible levels. 


Maintaining a program of monitoring foods, drugs and cosmetics 
to determine levels of radioactivity. 


a. Initiating and assuring appropriate regulatory action where 
necessary because of radioactivity in excess of permissible 
levels. 


Conducting research to --- 


a. Develop methodology for identification and evaluation of 
radioactivity, and 


b. Develop techniques for decontamination for affected materials. 


Conducting training programs in methodology and techniques 
relating to the above responsibilities for --- 


a. Appropriate Federal, State, and local employees, such as 
food and drug inspectors, and 


b. Appropriate professional and technical employees of establish- 
ments subject-to inspection under the Act. 


Determining approval of radioactive drugs used in diagnosis and 
treatment. 


Inspection and enforcement activities related to instances of 
quackery and fraud in the use of foods, drugs, and devices 
alleged to be beneficial because of their radioactive properties. 


Public information and education activities related to the foregoing 
responsibilities. , 
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B. Controlling Added Radioactivity 


Cc. 


D. 


1. 


Radioactivity may become associated with foods accidentally or 
deliberately, by introduction of.radionuclides or by irradiation, 
and with or without residual radiation in the food. . 


Adulterant radioactivity may lead to seizure of stocks and 
their removal from market, to injunction restraining 
production of further lots, or to criminal action through the 
courts. 


Foreseeable addition of radioactivity is permitted only after 
elaborate application processes and proof of safety and use- 
fulness. However, such foreseeable addition is severely 
curtailed by a law that any cancer-producing substances, no 
matter how low the concentration, may not be used in food. 
Irradiation of foods for pasteurization, sterilization, or 
prevention of sprouting or other spoilage also is subject to 
stringent regulations. 


Monitoring of Samples 


1% 


Samples of foods of many kinds, preserved before the first 
nuclear explosion introduced the fallout problem, were collected 
by the Food and Drug Administration beginning in 1954. The 

1, 200 old samples were examined for gross radioactivity to 
establish base lines. 


a. 


. . Every import of food is subject to examination. 
by a system of "spot-checks" for radioactivity to disclose 


Since 1954, fresh samples have been collected and analyzed 
routinely for plotting of increases in activity after the Atomic 


Age began. 


This is done 


situations which required more intensive investigation. 


Co-operation With States 


All States and many local governments have laws comparable to the 
Food and Drug Administration. Food and Drug Administration-State 
contact consequently consists mostly of day-to-day peacetime co- 
operation, although the FDA sponsors some general training for State 
and local food inspectors. 
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Miscellaneous Liaisons — 


Some of the Food and Drug Administration links in the Atomic Age 
co-operative web: 


i. 


The Agency collaborates with the Public Health Service in monitoring 
and training programs. 


In the problems of effective applications of radiation for preservation 
of foods, FDA has membership on the Interdepartmental Committee 
on Radiation Preservation of Foods, to which it gives professional 
and scientific assistance. 


a. It also has been active ona National Research Council Sub- 
committee on Nutrition for the Food and Container Institute, 
Quartermaster Corps, investigating nutritional qualities of 
radiation-preserved foods. 


FDA is a member of the Interagency Committee on Assistance for 
Nuclear Accidents and Incidents. 


The Food and Drug Administration and the Coast Guard, Bureau 
of Customs, and Department of the Treasury all aid in the import- 
monitoring program. 


FDA participates in Nevada Site tests, checking effects of blast, 
heat, shock, and irradiation on foods and containers. These 
experiments' results would aid in determining the usability 

and safety of residual foodstocks after a nuclear attack. 


With what was then the Civil Defense Administration, FDA 
conducted nationwide courses for approximately 3, 000 persons, 
mostly State and l6al food and drug enforcement officials. 
From these evolved the manual ''Civil Defense Information for 
Food and Drug Officials". 


INTERSTATE COMMERCE COMMISSION . 


Since it is a practical necessity to make land and water transportation 
regulations as parallel as possible, the Interstate Commerce Commission 
(ICC) has had an important influence over and above establishing elaborate 
regulations for shipments within its own sphere of authority: The ICC 
regulations have formed a pattern for the equivalent codes of suth other 
agencies as the Coast Guard and the Civil Aeronautics Administration. 
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VI. 


B. 


Jurisdiction 


The ICC took jurisdiction over radioactive shipments in interstate 
common-carrier land commerce by classifying them as "Class D, 
Group II, Poisons", and therefore subject to safety regulations on 
packing, labeling, handling, and other shipment procedures, and on 
reliability of transporting equipment and operators. 


The basic regulations, developed by a National Research Council 
subcommittee, were adopted in 1947 and for the most part have 
continued in force. 


Few ICC certificates or permits specifically mention transportation 
of radioactive material; Most such hauls are under ordinary common- 
carrier certificates, but subject to the regulations on dangerous 
substances. 


Co-operation With States 


Interstate Commerce Commission service to states consists largely 
of consultation on transportation matters, and setting of patterns for 


. State regulations, especially on general motor-carrier safety regulations. 


Other Activities 


The Interstate Commerce Commission is working closely with the AEC 
and other groups in an Interagency Committee on Transportation of 
Radioactive Materials, with such objectives as evolution of improved 
containers, reduction of present problems, and provision of additional 
safeguards for shipments. 


COAST GUARD 


The Coast Guard is a branch of the Armed Forces at all times, operating 
under the Treasury Department in peacetime and as part of the Navy in 
time of war or when the President may direct. Its necessary interest in 
radiological safety is inherent in its primary functions. 


A. 


The Coast Guard Mission 

The Coast Guard is charged with: 

1. The administration and enforcement of laws and regulations covering 
transportation, storage, stowage, or use of explosives or other 


dangerous articles and substances and combustible liquids on board 
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B. 


foreign and domestic vessels operating in any navigable waters 
within the limits of the jurisdiction of the United States. 


a. Precautions in home waters contribute to safety of life and 
property on the high seas. 


b. Lacking a specific directive on radioactive materials, the 
Coast Guard exercised the Commandant's authority to define 
and classify dangerous substances, and therefore treated 
radioactives as ''Class D Poisons", for which appropriate 
regulations were devised. 


Protection and security of vessels, harbors, and waterfront 
facilities. 


Marine safety activities and functions, including search and 
rescue, which govern the commercial merchant marine and 

have the primary purpose of promoting safety of life and property 
on such vessels. 


Dangerous Cargoes 


The Coast Guard has enumerated several types of operations which 
are of increasing concern as problems for interagency action. 
Among these are: 


1s 


Return of spent fuel elements from overseas for reprocessing 
as stipulated in most bilateral agreements (identified as "the 
most immediate and potentially hazardous problem"). 


The possibility of criticality accidents in the shipment of special 
nuclear materials, particularly with respect to large shipments 
of fissionable fuel and fuel elements on board vessels. 


Transportation of high-activity isotopes by vessels 


a. Present Coast Guard Dangerous Cargo Regulations, paralleling 
Interstate Commerce Commission regulations by law, were 
designed primarily "for the regulation of the rather innocuous 
isotopes which were being transported in 1948", Random 
examples include such regulations as: 


Set limits for activity of radionuclides shipped in single 
outer containers ... Specify appropriate precautions for more 
powerful sources ... Require freedom from surface con- 
tamination ... Set 4 inches as the smallest dimension for 
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outer containers ... Set limits for gamma radiation at any 
point on the outer container's surface ... Require closed- 

off stowage away from living quarters, refrigerated foodstuffs, 
animal shipments, undeveloped films, and other vulnerable 
"targets", 


C. Waste Disposal 


The Coast Guard considers disposal of radioactive wastes at sea as 
one of the primary and growing problems requiring interagency con- 


1. 


' wideration and action. 


The Coast Guard has co-operated with other Government agencies 
for many years in disposal of radioactive wastes. Primarily the 
Coast Guard has made vessels available to transport such materials 
to sea from the National Institutes of Heafth. 


Port officers have advised commercial disposal firms in 
determining proper dumping areas. 


Nuclear-Powered Navigation: Special Problem 


Recognizing that development of nuclear power for tnerchant-ship 
propulsion would require changes in standards promulgated for 
conventional marine powerplants, the Coast Guard followed past 
practice of developing marine safety standards by close liaison 
with marine industry and related groups. 


l. 


The Atomic Energy Panel (M-13), organized under sponsofship 
of the Society of Naval Architects and Marine Engineers, was 
requested to serve as an advisory group. With the,close co- 
operation of the AEC, Maritime Administration, and PHS, as 
well as the Coast Guard, the M-13 Panel has completed con- 
siderable preliminary work in setting radiological safety 
standards for merchant ships at sea, in confined waters, and 
at dockside and shipyard locations. 


Certain Coast Guard personnel and facilities are required to 
possess a capability in equipment and training appropriate for 
radiological assistance utilization. The Coast Guard considers 
that it has a statutory requirement to participate in the develop- 
ment of the radiological assistance plan, including search and 
rescue, of the Interagency Committee on Radiological Assistance. 
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3. Nuclear refueling stations are recognized by the Coast Guard as 
among ''a number of operations which are rapidly becoming 
potential radiological hazards" requiring joint participation and 
action of various government agencies for resolution of problems. 


4. The problems of high-activity-fuel cargoes and waste disposal 
at sea which are of general maritime interest have special 
bearing in consideration of practices to be observed in marine 
nuclear-propulsion safety. 


E. Co-operation with States 


The Coast Guard works closely with State and local governments, using 
their statutes and ordinances as far as practicable, though final 
determination rests with the Coast Guard captain’in charge. 


VII. MARITIME ADMINISTRATION 


Until the advent of the nuclearpropulsion. program for merchant ships the 
Maritime Administration had relatively little direct interest in problems 
and regulations concerning radiation protection. It has been working with 
AEC on construction of the NS Savannah, which will operate under the 
Maritime Administration. It is co-operating with all other interested 
Federal Agencies in continuing its nuclear program activities, and a sub- 
committee of the National Academy of Sciences has been formed to evaluate 
the technical factors associated with radioactive waste disposal from 
nuclear-powered ships. 


VII.BUREAU OF MINES 


The Bureau of Mines'! radiation-protection regulatory responsibility is 
for mining of uranium, thorium, and radium on public lands. It conforms 
to AEC regulations. | 


A. Mine Safety Criteria 


The Bureau has authority to undertake investigations and conduct 
research on mine safety hazards, and co-operates with private and 
governmental interested groups to establish criteria for protection 
of miners from underground radiation hazards. 


B. State-local Co-operation | 


State, county, and local laws governing safe handling of radioactive 
materials are recognized by the Bureau as long as such regulations 
do not conflict with AEC regulations. 
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C. Monitoring 


Bureau station or unit radiation safety supervisors at each site 
utilizing radioactive materials must make summary reports of daily 
inspections, weekly area surveys, and individual personnel exposure. 
They also must report on status and movement of all radioactive 
materials in their area of supervision. 


IX, CIVIL AERONAUTICS ADMINISTRATION 


The Civil Aeronautics Administration is responsible for administration 
and enforcement of Civil Aeronautics Board. safety regulations, including 
those on transportation of radioactive materials by aircraft. In general, 
requirements for air transportation of explosives and other dangerous 
materials, including radioactives, are consistent with Interstate Com- 
merce Commission regulations for surface transport. 


REFERENCE: 


Material for this outline was largely drawn from the Agencies' own 
presentations in "Selected Materials on Federal-State Cooperation in 
the Atomic Energy Field" printed for the use of the Joint Committee 
on Atomic Energy, Congress of the United States, by the Government 
Printing Office (March, 1959). 
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LABORATORY EXERCISES 
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CALIBRATION OF SURVEY INSTRUMENTS 


OBJECT: 


To calibrate both Geiger-Mueller and Ionization Chamber type survey 
instruments and to emphasize the need for calibration before any 
instrument is used in making radiation measurements. 


INTRODUCTION: 


The GM survey instrument is widely used to measure low intensities of 
beta and gamma radiation. It is a count rate instrument in which a meter 
records the average rate (number/unit time) of beta particles or gamma 

or x-ray photons that enter the sensitive volume of the GM tube and pro- 
duce ionization. The meter reading is dependent only upon the average 
rate of the ionizing particles. Due to the randomness of the decay process, 
the meter needle will fluctuate, particularly on the most sensitive range. 
The dial ranges usually vary by a factor of ten. We are usually not interested 
in counting each ionization detected, but rather the intensity or exposure 
rate in terms of milliroentgens per hour. In order to obtain readings of 
absolute radiation intensity, the survey meter must be calibrated against a 
standard radioactive source whose activity is known. 





To calibrate any range, the meter readings are compared with the cor- 
responding calculated radiation intensities. These radiation intensities 

can be calculated from the known source activity. The meter should be 
calibrated over its entire range-at a point tiear each end and at several - 
points in between, When the concern is with x- or gamma radiation, the 
instrument should be calibrated and used with the probe shield closed. 
During calibration or use, the instrument should never be brought into a 
field whose intensity is greater than the maximum scale value or the GM 
tube may be damaged. Also, the rate of pulses is so rapid that "jamming’ 
of the instrument results, and the meter needle falls back to zero indicating 
no radiation present and giving a false sense of security. 


5 on 2 


The ionization chamber type survey meter is widely used to measure high 
intensities of x- or gamma radiation. To insure reliable measurements, 
calibration of this type instrument is also necessary. 
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Calibration of Survey Instruments 


In the past, radium has been used most frequently for calibration. The 
intensity of radiation expressed in mr/hr at various distances from the 
source can be claculated from: 


mr/hr = mg of Ra/ (yards)" 


For example, a 100 mg radium source would produce at a distance of 
1 yard, a dose rate or intensity of: 


100/12 = 100 mr/hr 
At 2 yards, the intensity would be: 
100/22 = 25 mr/hr 


Recently co*" has been substituted for radium for many purposes, in- 
cluding instrument calibration. The intensities of radiation at various 
distances from a Co®® source can be calculated from: 


mr/hr = 1.59 X mc of Co®9/ (yards) 2 


For example,a 100 mc source of co69 would deliver a dose rate ata 
distance of 1 yard.equal to 1.59 X 100/12 = 159 mr/hr. Ata distance 
of two yards, the intensity would be 1.59 X 100/22 = 39.75 mr/hr. For 
other dose rates, use can be made of the inverse square law if the 
source of radiation is approximately a point source. 


LIST OF EQUIPMENT: 


1 GM survey meter for each group 
1 Ion chamber survey meter for each group 
1 Small (point) source, .2 to 5 mc of Ra 


1 Small (point) source, 20 to 50 mc of Ra 


PROCEDURE: 
Exercise 1: Calibration of GM Survey Meters 


CAUTION: Be sure to turn off instrument after use. Wear film hadge 
throughout the calibration exercise. 
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probe held perpendicularly to the radiation flux. 


Turn on the GM survey meter. If there is a battery check position, 
the check should be made. Wait at least 30 seconds or longer for 
the system to reach stability. Meantime, record survey meter 
serial number and familiarize self with instrument. 


Turn range selector switch to the least sensitive scale (highest). 
If there is no reading, turn range selector switch to the middle 
range first, and then to the most sensitive range (lowest). 


Note if there is any indication of norma] background (normal 
background is usually around .02 mr/hr or 20 counts/ min. 
randomly spaced), the counts may be heard with headphones 
which can be attached to the instruments. 


Close beta shield. Turn range selector switch to whatever setting 
results in a one-fourth to one-half scale deflection at the calibration 
line most distant from the source. 


Note the average reading and the distance from the source. Source 
to instrument distances should be measured to the center of the : 





Move toward the source, taking a number of meter readings 
sufficient to accurately calibrate the scale. Scale reading, range, | 
and distance must be noted and recorded on the data sheet. 


Repeat the above procedures for any other range that may be 
designated for calibration. 


From the distance values noted, calculate the intensities present 
(mr/hr) at these distances for which meter readings were obtained. 
(For ease of calculation, use distances that are either yards or 
feet, using smaller intervals near the source and larger ones as 
you move farther away. It is sufficient for our purposes to obtain 
4 or 5 points, distributed over the entire range. This calculation 


Turn the instrument control dial to "OFF" position. 
may be done first). 


were taken, the calibration curve for each range calibrated should 
be constructed on linear graph paper. To plot calibration curves, 
dial readings should be plotted on the ordinate (Y axis) and calculated 


Upon completion of the calculations for all points at which readings | 


Calibration of Survey Instruments ee 


intensities on the abscissa (X axis). Report the instrument serial 
number, name of manufacturer, date, type and strength of the radio- 
active source used for calibration, and the person(s) doing the cali- 
bration, on the data sheet. 


Exercise 2: Calibration of Ionization Chamber 


1; 


Close the beta shield and turn the instrument on and let it warm up for 
several minutes and adjust to zero. Unless this instrument is thor- 
oughly warmed up, the zero setting will drift. 


2. After the instrument is zeroed, turn the range selector switch to the 
lowest, most sensitive range. Repeat procedure as outlined for 
GM instruments. 

QUESTIONS: 

1. Which of the two types of survey instruments used is the most sen- 
sitive to low intensities of radiation? 

2. What two kinds of radiation will these instruments detect in general? 
Which of these two kinds of radiation is measured more accurately 
in mr/hr by these instruments? 

3. In general, when the GM survey meter reading decreases, the 
radiation level is less. However, name two other conditions which 
would cause this same effect. 

4. What would be the effect upon your readings, while calibrating these 


instruments, if you moved from one distance to another too rapidly? 
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NOTES 
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DATA SHEET 
Distance Range Selector Dial Reading True mr/hr 
(Feet or Yards) Setting (mr/hr) Calculated 
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DATA SHEET 
Distance Range Selector | Dial Reading 
(Feet or Yards) Setting (mr/hr) 





True mr/hr 
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PATIENT PROTECTION 


OBJECT: 


To study the effect of various radiographic me GoPnanee on exposure doses 
to the patient. 


EQUIPMENT: 


Remab-Remcal 

Army Field X-ray Unit with cones, filters, colimator 
Condenser-r-meter 

2.5r chamber and 0. 025r chamber for above 

200 mr pocket chambers and charger-reader 
Portable protective barrier 


DISCUSSION: 


In this experiment we shall simulate a P.A chest using four different techniques. 


The "patient'' is Remab-Remcal, a hollow phantom constructed of butyrate 
plastic, containing a human skeleton, and filled with water. 


Skin dose will be measured with a 2.5r chamber, exit dose with a 0.025 r_ 
chamber, and thyroid, and’ gonadal doses with 200 mr pocket chambers. 

The exposures will be of greater mas than normal in order to obtain readable 
values on the instruments. However, this will not alter the results as we are 
interested only in relative values. 


The significance of the exit dose is that it represents the exposure to the film. 
It is assumed that a certain exposure to the film is required in order to make 
a picture. The criterion of good patient protection technique is that the ratio 
of each organ dose to exit dose be as low as possible, consistent with good 
radiographic results. 


PROCEDURE: 


With all ionization chambers charged and in place, expose the "patient" to 
the different techniques listed on the following chart. These techniques 
illustrate the effect of field size, beam alignment, filtration and increased 
KVP on patient exposure. 


Calculate the ratio of each organ dose to exit dose (film dose) and tabulate 
results. 


organ dose mr . 
= ratio 


exit dose mr 
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LABORATORY: PATIENT MONITORING 


OBJECTIVE 


To plot isodose lines around a patient treated with a radioactive material and 
to evaluate the resulting radiation hazard for attending hospital personnel and 
adjacent patients. 


INTRODUCTION 


Many radionuclides are being used for the diagnosis and treatment of disease. 
Associated with the clinical use of such materials is a radiation risk which 
should be evaluated.in terms of present-day exposure guidelines. If the radio- 
active material is not a gamma emitter, the risxs involved are only those 
associated with the administration of the radionuclide and the disposal of ex- 
creta, soiled dressings, vomitus, etc. Gamma emitters present the additional 
problem of exposure to others in the vicinity of the patient. 


The simplest method of assessing the radiation risk associated with the use of 

a gamma emitter is by direct monitoring with a survey meter. The radiation 
dose at any distance in any direction from the patient cam be measured and isodose 
lines plotted. These lines allow one to estimate quickly the radiation exposure 

at various distances and positions with respect to the patient. 


In this experiment a "patient" will be "treated" with a Co-60 implant. Survey 
meters will be used for monitoring the patient from different positions and 
isodose lines will be constructed. Based on these values, calculations of the 
time limitations for personnel working around the patient will be performed. 


The "patient" or phantom will be a hollow plastic "man" containing a complete 
skeleton and filled with a liquid comparable to tissue fluid. This phantom 
contains several ports into which radioactive materials can be inserted to 
simulate intracavitary application of a radionuclide. The "patient'' will be 

laid on a table with the cavity containing the radioactive source clearly marked. 
Monitoring will be done in sufficient detail to allow the drawing of complete 
isodose lines. 
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Laboratory: Patient Monitoring ~. 
PROCEDURE 


Obtain a survey meter from the laboratory instructor. Check it to be certain 
it is working properly. Each instrument used should have been properly 
calibrated with a Co-60 source prior to use. 


The instructor will insert the Co-60 source into the phantom. After it is in 
position, measure and record the exposure doses around the patient at designat- 
ed distances along the radial lines as indicated on the chart. Record the 
readings on the sheet provided. Take measurements directly against the 
phantom and at 1, 2, 3, 5 and 10 feet from the source. 


RESULTS 


After the monitoring is complete, construct isodose lines by connecting points 
with similar dose readings on the plot of the monitored area. Where readings 
are not identical, interpolate as well as you can to obtain a smooth isodose 
curve. 


DATA INTERPRETATION AND PROBLEMS 


It should be realized that the isodose lines obtained lie in one plane only, and 
that other isodose lines could be drawn in different planes. 


1. Are readings at equal distances from the source the same regardless 
of the direction from the source ? - 


2. Is there any statement you can make regarding radiation absorption 
in tissue as compared to air? 


3. Inthis particular case, which part of the patient gives the least 
radiation exposure to attending personnel? 


4. A nurse attending this patient is allowed a total body exposure dose 
of 0.10r per week. Assume that a nurse stands at an average 
distance of one and one-half feet from the source on the 3 o'clock 
line whenever she attends the patient. How many hours could she 
attend this patient without exceeding her exposure limits ? 


5. The allowable exposure dose for a patient is 0.01r per week which 
is one-tenth that of the attending personnel. What would be the 
exposure dose of a patient lying ten feet from the patient just monitored? 
Would that patient be receiving more than the allowable exposure dose ? 
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Laboratory - Patient Monitoring 


6. How should the beds of these two patients be placed so that the 
least exposure dose is delivered to the second patient ? 


7. Is distance an effective protective measure ? 


8. If necessary, what else could be done to reduce the exposure dose 
to the second patient. | 
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EXTENDED GLOSSARY 


ABSORPTION: The process by which radiation imparts some or all of its energy to any material 
through which it passes. (See also COMPTON EFFECT, PHOTOELECTRIC EFFECT, 
and PAIR PRODUCTION.) 


SELF ABSORPTION: Absorption of radiation emitted by radioactive atoms by the matter in 
which the atoms are located; in particular, the absorption of radiation within a 
sample being assayed. 


ALPHA PARTICLE: A helium nucleus, consisting of two protons and two neutrons, with a double 
positive charge. 


ALVEOLI: The terminal air sacs of the lungs. 
AMPERE: Practical unit of electric current; the flow of .1 coulomb/sec. (Abbreviated: amp. ) 
AMPLIFICATION: As related to radiation detection instruments, the process (either gas, electronic, 


or both) by which ionization effects are magnified to a degree suitable for their measure- 
ment. 


ANION: Negatively charged ion. 
ANODE: Positive electrode; electrode to which negative ions are attracted. 
ATOM: Smallest particle of an element which is capable of entering into a chemical reaction. 


ATOMIC MASS: The mass of a neutral atom of a nuclide, usually expressed in terms of atomic 
mass units. | 


ATOMIC NUMBER: The number of orbital electrons surrounding the nucleus of a neutral atom and 
according to present theory the number of protons in the nucleus. (Symbol: Z) 


ATOMIC WEIGHT: The weighted mean of the masses of the neutral atoms of an element expressed 
- in atomic weight units. 


ATTENUATION: The process by which a beam of radiation is reduced in intensity when passing 
through some material. It is the combination of absorption and scattering processes and 
leads to a decrease in flux density of the beam when projected through matter. 


AUTORADIOGRAPH: Record of radiation from radioactive material in an object, made by placing 
the object in close proximity to a photographic emulsion. 


AVALANCHE: The multiplicative process in which a single charged particle accelerated by a strong 
electric field produces additional charged particles through collision with neutral gas 
molecules. This cumulative increase of ions is also known as Townsend ionization or a 
Townsend avalanche. Ot 


AVERAGE LIFE (MEAN LIFE): The average of the individual lives of all the atoms of a particular 
radioactive substance. It is 1.443 times the radioactive half-life. 


BACKSCATTERING: The deflection of radiation by scattering processes through angles greater 
than 90 degrees with respect to the original direction of motion. 


BARRIERS PROTECTIVE: Barriers of radiation-absorbing material, such as lead, concrete and 
plaster, that are used to reduce radiation hazards. 


BARRIERS, SECONDARY PROTECTIVE: Barriers sufficient to reduce the stray radiation to the 
permissible dose rate. 
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BEAM: A unidirectional or approximately unidirectional flow of electromagnetic radiation or of 
particles. 


USEFUL BEAM (In radiology): That part of the primary radiation which passes through the 
aperture, cone, or other collimator. 


BETA PARTICLE: Charged particle emitted from the nucleus of an atom and having a mass and 
charge equal in magnitude to those of the electron. 


BETATRON: A device for accelerating electrons by means of magnetic induction. 
BONE SEEKER: Any compound or ion which migrates in the body preferentially into bone. 


BRACHYTHERAPY: Therapy at short distances; e.g., implantation or placement therapy with 
needies, inserts or other such applications containing radioactive materials useful in the 
treatment of various disease entities. 


BREMSSTRAHLUNG: Secondary photon radiation produced by deceleration of charged particles 
passing through matter. 


BURIAL GROUND, (GRAVEYARD): A place for burying unwanted radioactive objects to prevent 
escape of their radiation, the earth acting as a shield. Such objects must be placed in 
watertight, noncorrodible containers so that the radioactive material cannot be leached 
out and get into an underground water supply. 


CALIBRATION: Determination of variation from standard, or accuracy, of a measuring instrument 
to ascertain necessary correction factors. 


CARCINOGENIC: Capable of producing cancer. 

CARCINOMA: Malignant neoplasm composed of epithelial cells, regardless of their derivation. 
CAT'MIODE: Negative electrode; electrode to which positive ions are attracted. 

CATION: Positively charged ion. 


CELLS, SOMATIC: Body cells, usually having two sets of chromosomes, as opposed to germ cells, 
which have only one set. 


CHAMBER IONIZATION: An instrument designed to measure quantity of ionizing radiation interms 
of the charge of electricity associated with ions produced within a defined vol"me. 


CHAMBER, POCKET: A small pocket-sized ionization chamber used for monitoring radtatiorm ex- 
posure of personnel. Before use it is given a charge and the amount of discharge is a 
measure of the quantity of radiation received. 


CHARGE, SPACE: The electric charge carried by a cloud or stream of electrons or ions ina 
vacuum or a region of low gas pressure, when the charge is sufficient to produce local 
changes in the potential distribution. It is of importance in thermioric tubes, photo- 
electric cells, ion accelerators, and so on. 


CIRCUIT, ANTICOINCIDENCE: A circuit with two input terminals which delivers an output pulse 
if one input terminal receives a pulse, but delivers no output pulse if putses are received 
by both input terminals simultaneously or within an arsignable time interval. 


CIRCUIT, COINCIDENCE: An electronic circuit that produces a usable output pulse only when each 
of two or more input circuits receive pulses simultaneously or within an assignable time 
interval. 


CIRCUIT, INTEGRATING: An electronic circuit which records the total number of ions or events 
collected for a given time; from which, an average value for the number of ions or events 
per unit time can be found. | 


COLLIMATOR: A device for confining the elements of a beam within an assigned solid angle. 


COLLISION: Encounter between two sub-atomic particles (including photons) which changes the 
existing momentum and energy conditions. The products of the collision need not be the 
same as the initial systems. 


COMPOUND: A distinct substance formed by a union of two or more ingredients in definite pro- 
portions by weight. 


CONSERVATION OF MASS-ENERGY: Energy and mass are interchangeable in accordance with 
equation E = mc?; where E is energy, m is mass, and c is velocity of light. 


CONTAMINATION, RADIOACTIVE: Deposition of radioactive material in any place where it is not 
desired, and particularly in any place where its presence may be harmful. The harm may 
be in vitiating the validity of an experiment or a procedure, or in actually being a source 
of danger to personnel. 


COSMIC RAYS: High energy particulate and electromagnetic radiations which orginate outside of 
the earth's atmosphere. 


COUNT (Radiation measurements): The external indication of a device designated to enumerate 
ionizing events. It may refer to a single detected event or to the total registered ina 
given period of time. The term often is erroneously used to designate a disintegration, 
ionizing event or voltage pulse. 


COUNTER, GEIGER-MUELLER: Highly sensitive gas-filled radiation-measuring device which 
operates at voltages sufficiently high to produce avalanche ionization. 


COUNTER, PROPORTIONAL: Gas filled radiation detection tube in which the pulse produced is 
proportional to the number of ions formed in the gas by the primary ionizing particle. 


COUNTER, SCINTILLATION: The combination of phosphor, photomultiplier tube and 
associated circuits for counting light emissions produced in the phosphors. 


COUNTING RATE METER: A device which gives a continuous indication of the average rate of 
ionizing events. 


CURIE: That quantity of a radioactive nuclide disintegrating at the rate of 3.7 X 10 = atoms per 


second. (Abbreviated: c). Several fractions of the curie are in common usage. 


MILLICURIE: One thousandth of a curie (3.7 X 10° disintegrations per second). Ab- 
breviated mc. 


MICROCURIE: One millionth of a curie (3.7 X 104 disintegrations per second). Ab- 
breviated pc. 


MICRO-MICROCUIRE: One millionth of a microcurie (3.7 X 1072 disintegrations per 
second or 2. 22 disintegrations per minute). Abbreviated ppc. Sometimes 
called a picocurie. 


CYCLOTRON: A device for accelerating charged particles to high energies by means of an alter- 
nating electric field between electrodes placed in a constant magnrtic field. 


DAUGHTER: A synonym for decay product. 


DECAY, RADIOACTIVE: Disintegration of the nucleus of an unstable nuclide by the spontaneous 
emission of charged particles and/or photons. 


DECAY CONSTANT: The fraction of the number of atoms of a radioactive nuclide which decay in 
unit time. Symbol: \. 


DECAY CURVE: A curve showing the relative amount of radioactive substance remaining after any 
time interval. (See DISINTEGRATION CONSTANT) 


DECAY PRODUCT: A nuclide resulting from the radioactive disintegration of a radionuclide, being 
formed either directly or as the result of successive transformations in a radioactive 
series. A decay product may be either radioactive or stable. 


DENSITOMETER: Instrument utilizing a photocell to determine the degree of darkening of developed 
photographic film. 


DENSITY: (Photographic): Logarithm of opacity of exposed and processed film. Opacity is the 
reciprocal of transmission; transmission is the ratio of transmitted to incident intensity. 
Density is used to denote the degree of darkening of photographic film. 


DISCRIMINATOR, PULSE HEIGHT: A circuit designed to select and pass voltage pulses of a cer- 
tain minimum amplitude. 


DISINTEGRATION, NUCLEAR: A spontaneous nuclear transformation (Radioactivity) characterized 
by the emission of energy and/or mass from the nucleus. When numbers of nuclei are 
involved the process is characterized by a definite half-life. 


DISINTEGRATION, CONSTANT: The fraction of the number of atoms of a radioactive nuclide which 
decay in unit time; y in the equation N = Noe ~¥t, where N,, is the initial number of atoms 
present, and N is the number of atoms present after some time, t. 


DOSE (DOSAGE): According to current usage, the radiation delivered to a specified area or volume 
or to the whole body. Units for dose specification are roentgens for x- or gamma rays, | 
reps or equivalent roentgens for beta rays. In radiology the dose may be specified in air, 
on the skin, or at some depth beneath the surface; no statement of dose is complete without 
specification of location. In recent years there has been an increasing tendency to regard 
a dose of radiation as the amount of energy absorbed by tissue at the site of interest per 
unit mass (See RAD). 


ABSORBED DOSE: The quantity of energy imparted to a mass of material exposed to 
radiation. (See RAD) 


AIR-DOSE: X-ray or gamma ray dose expressed in roentgens delivered at a point in free 
air. In radiologic practice it consists of the radiation of the primary beam and that 
scattered from surrounding air. 


CUMULATIVE DOSE (Radiation): The total dose resulting from repeated exposures to radi- 
ation of the same region, or of the whole body. 


DEPTH DOSE: The radiation dose delivered at a particular depth beneath the surface of the 
body. It is usually expressed as a percentage of surface dose or as a percentage 
of air dose. 


EXIT DOSE: Dose of radiation at surface of body opposite to that on which the beam is 
incident. | 


INTEGRAL DOSE (VOLUME DOSE): A measure of the total energy absorbed by a patient 
or any object during exposure to radiation. According to British usage the integral 
dose of x- or gamma rays is expressed in gram-roentgens. (See GRAM-RAD) 


MAXIMUM PERMISSIBLE DOSE (MPD): Maximum dose of radiation which may be received 
by persons with ionizing radiation. 


MEDIAN LETHAL DOSE (MLD): Dose of radiation required to kill, within a specified 
period, 50 per cent of the individuals in a large group of animals or organisms. 
Also called the LD 50 dose. 


PERCENTAGE DEPTH DOSE: Amount of radiation delivered at a specified depth in tissue, 
expressed as a percentage of the amount delivered at the skin. 


PERMISSIBLE DOSE: The amount of radiation which may be received by an individual 
within a specified period within expectation of no significantly harmful result to 
himself. 


SKIN DOSE (Radiology): Dose at center of irradiation field on skin. It is the sum of the 
air dose and backscatter; with the addition of the exit dose from other parts, if 
this is significant. 


THRESHOLD DOSE: The minimum dose that will produce a detectable degree of any given 
effect. 


TISSUE DOSE: Radiation dose received by a tissue in the region of interest. In the case 
of x-rays and gamma rays, tissue doses are expressed in roentgens. At the 
present time the rep is the generally accepted unit of tissue dose for other 
ionizing radiations. (See DOSE: See also RAD) 


TOLERANCE DOSE: Synonym for "permissible dose". The latter is generally considered 
the preferrable term. 


DOSE, FRACTIONATION: A method of administration of radiation in which relatively small doses 
are given daily or at longer intervals. 


DOSE, PROTRACTION: A method of administration of radiation by delivering it continuously over 
a relatively long period at a low dosage rate. 


DOSE METER, INTEGRATING: Ionization chamber and measuring system designed for determining 
total radiation administered during an exposure. In medical radiology the chamber is 
usually designed to be placed on the patient's skin. A device may be included to terminate 
the exposure when it has reached a desired value. 


DOSE RATE (DOSAGE RATE): Radiation dose delivered per unit time. 
DOSE RATE METER: Any instrument which measures radiation dose rate. 


DOSIMETER: Instrument used to detect and measure an accumulated dosage of radiation; in com- 
mon usage it is a pencil size ionization chamber with a built-in self reading electro- 
meter; used for personnel monitoring. 


DOSIMETRY, PHOTOGRAPHIC: Determination of the cumulative dosage of radiation by use of 
photographic film. 


EFFICIENCY (Counters): A measure of the probability that a count will be recorded when radiation 
is incident on a detector. Usage varies considerably so that it is well to make sure which 
factors (window transmission, sensitive volume, energy dependence, etc.) are included in 
a given case. 


ELECTRODE: Either terminal of an electrical apparatus. 


ELECTROMETER: Electrostatic instrumnent for measuring the difference in potential between two 
points. Used to measure change of electric potential of charged electrodes resulting from 
ionization produced by radiation. 


ELECTROMOTIVE FORCE: Potential difference across electrodes tending to produce an electric 
current. (Abbreviation: emf.) 


ELECTRON: Negatively charged particle which is a constitute of every neutral atom. Unit of 
negative electricity equal to 4.8 X 10710 electrostatic units or 1.6 X 107!9 coulombs. Its 
mass is 0.000549 atomic mass units. 


ELECTRON VOLT: A unit of energy equivalent to the amount of energy gained by an electron in 
passing through a potential difference of one volt. Larger multiple units of the electron 
volt are frequently used, viz: Kev for thousand or kilo electron volts; Mev for million 
electron volts and Bev for billion electron volts. (Abbreviated; ev) 1 ev = 1.6 X 10- Zerg. 


ELECTROSCOPE: Instrument for detecting the presence of electric charges by the deflection of 
charged bodies. 


ELECTROSTATIC FIELD: The region surrounding an electric charge in which another electric 
charge experiences a force, 


ELEMENT: Pure substance consisting of atoms of the same atomic number which cannot be decom- 
posed by ordinary chemical means. 


END PRODUCT: The stable nuclide that is the final member of a radioactive series. 


ENERGY: Capacity for doing work. Potential energy is the energy inherent in a mass because of 
its position with reference to other masses. Kinetic energy is the energy possessed by 
a mass because of its motion; cgs units: gm-cm2/sec2 or ergs. 


BINDING ENERGY: The energy represented by the difference in mass between the sum 
of the component parts and the actual mass of the nucleus. 


EXCITATION ENERGY: The energy required to change a system from its ground state 
to an excited state. With each different excited state there is associated a 
different excitation energy. 


IONIZING ENERGY: The average energy lost by ionizing radiation in producing an ion 
pair ina gas. For air it is about 33 ev. 


RADIANT ENERGY: The energy of electromagnetic waves, such as radio waves, visible 
light, x-rays and gamma rays. 


ENERGY DEPENDENCE: The characteristic response of a radiation detector to a given range of 
radiation energies or wave lengths as compared with the response of a standard free air 
chamber. 


ENZYME: An organic compound, frequently a protein, that accelerates (catalyzes) specific 
transformations of material as in the digestion of foods. 
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EPILATION (DEPILATION): The temporary or permanent removal of hair. 


EPITHELIUM: A term applied to cells that line all canals and surfaces having communication 
with external air and that are specialized for secretion in certain glands as the liver, 
kidneys, etc. 


EQUILIBRIUM, RADIOACTIVE: Among the members of a radioactive series, the state which pre- 
. vails when the ratios between the amounts of successive members of the series remain 
constant. 


ERROR, STATISTICAL: Errors in counting due to the random time-distributions of disintegrations. 


ERYTHEMA: Abnormal redness of the skin due to distension of the capillaries with blood. It can be 
caused by many different agents; e.g. » heat, certain drugs, ultraviolet rays, ionizing 
radiation. 


ERYTHROCYTE: A red blood corpuscle. 


EUGENICS: The science which deals with the influences that improve the hereditary quality of 
the human race. 


EXCITATION: The addition of energy to a system, thereby transferring it from its ground state to 
an excited state. Excitation of a nucleus, an atom or a molecule can result from absorption 
of photons or from inelastic collisions with other particles. 


EXOTHERMIC: That which librates energy, specifically as heat. 
EXPOSURE: The product of radiant flux density multiplied by exposure time. 
ACUTE EXPOSURE: Term used to denote radiation exposure of short duration. 


CHRONIC EXPOSURE: Term used to denote radiation exposure of long duration by 
fractionation or protraction. (See DOSE, FRACTIONATION and DOSE, PRO- 
TRACTION) : 


FALLOUT: The radioactive debris, usually from a nuclear detonation, which has been deposited 
on the earth having been airborne. Special forms of fallout are "Dry Fallout", "Rainout", 
and "Snowout". 


‘ FILM BADGE: A pack of photographic film used for approximate measurment of radiation ex- 
posure for personnel monitoring purposes. The badge may contain two or three films of 
differing sensitivity, and it may contain a filter which shields part of the film from cer- 
tain types of radiation. 


FILM RING: A film badge in the form of a finger ring. 


FILTER (Radiology): Primary - A sheet of material, usually metal, placed in a beam of radiation 
to remove, as far as possible, the less penetrating components. Secondary - A sheet of 
material of low atomic number relative to that of the primary filter, placed in the filtered 
beam of radiation to remove characteristic radiation produced by the primary filter. 


FILTRATION, INHERENT (X-rays): The filtration introduced by the wall of the x-ray tube and 
any permanent tube enclosure; to be distinguished from added primary and secomary 
filters. 


FISSION, NUCLEAR: A nuclear transformation characterized by the splitting of a nucleus into at 
least two other nuclei and the release of a relatively large amount of energy. 


FISSION PRODUCTS: Elements or compounds resulting from fission. 
FLUORESCENCE: The emission of radiation of particular wavelengths by a substance as a result 


of absorption of radiation of shorter wavelength. This emission occurs essentially only 
during the irradiation. 


FLUORESCENT SCREEN: A sheet of material coated with a substance such as calcium tungstate or 
zinc, sulfide which will emit visible light when irradiated with ionizing radiation. 


FLUOROGRAPHY (PHOTOFLUOROGRAPHY): Photography of image produced on fluorescent screen 
by x- or gamma radiation. 


FLUOROSCOPE: A fluorescent screen, suitably mounted with respect to an x-ray tube for ease of 
observation and protection, used for indirect visualization by means of x-rays of internal 
organs in the body or internal structures in apparatus or in masses of metal. 


FOCAL SPOT (X-rays): The part of the target of the x-ray tube which is struck by the main 
electron stream. 


FREQUENCY: Number of cycles, revolutions, or vibrations completed in a unit of time. 

FUEL: Fissionable material of reasonably long life, used or usable in producing energy in a nuclear 
reactor. The term frequently is applied to a mixture, such as natural uranium, in which 
only part of the atoms are fissionable, if it can maintain a self-sustaining chain reaction 
under the proper conditions. 


FUSION, NUCLEAR: Act of coalescing two or more atomic nuclei. (See REACTION, THERMO- 
NUCLEAR) 


GAMMA RAY: Short wavelength electromagnetic radiation of nuclear origin with a range of wave 
lengths from about 10-8 to 10-11 cm, emitted from the nucleus. 


GAS AMPLIFICATION: As applied to gas ionization radiation detecting instruments, the ratio of 
the charge collected to the charge produced by the initial ionizing event. 


GEIGER REGION: In an ionization radiation detector, the operating voltage interval in which the 
charge collected per ionizing event is essentially independent of the number of primary 
ions produced in the initial ionizing event. 


GENE: Fundamental unit of inheritance which determines and controls hereditarily transmissible 
characteristics. Genes are arranged lineraly at definite loci on chromosomes. 


GENERATOR, VAN DE GRAAFF: An electrostatic generator which employs a system of conveyor 
belt and spray points to charge an insulated electrode to a high potential. 


GENETIC EFFECT OF RADIATION: Inheritable changes, chiefly mutations, produced by the ab- 
sorption of ionizing radiations. On the basis of present knowledge these effects are purely 
additive, and there is no recovery. 

GENETICS: The branch of biology dealing with the phenomena of heredity and variation. 

GENOTYPE: The fundamental heredity (genetic) constitution of an organism. 

GERM CELLS: The cells of an organism whose function it is to reproduce its kind. 

GONAD: A gamete-producing organ in animals; testis or ovary. 

GRAM ATOMIC WEIGHT: A mass in grams numerically equal to the atomic weight of an element. 


GRAM MOLECULAR WEIGHT (GRAM-MOLE): Mass in grams numerically equal to the molecular 
weight of a substance. 


GRAM-ROENTGEN: A unit of integral dose; the real energy conversion when one roentgen is 
delivered to one gram of air (87 ergs). 


GRENZ RAYS: X-rays produced at voltages of 5 to 20 kv. 


GROUND: The state of a nucleus, an atom or a molecule when it has its lowest energy. All other 
states are termed excited. 


HALF-LIFE, BIOLOGICAL: The term required for the body to eliminate one-half of an administered 
dose of any substance by regular processes of elimination. This time is approximately the 
same for both stable and radioactive isotopes of a particular element. 


HALF-LIFE, EFFECTIVE: Time required for a radioactive element fixed in the tissue of an animal 
body to be diminished 50 per cent as a result of the combined action of radioactive decay and 
biological elimination. 


Effective half-life = Biological half-life X Radioactive half-life 


Biological half-life + Radioactive half-life 





HALF-LIFE, RADIOACTIVE: Time required for a radioactive substance to lose 50% of its activity 
by decay. Each radionuclide has an unique half-life. 


HALF VALUE LAYER (HALF THICKNESS): The thickness of any particular material necessary to 
reduce the intensity of an x-ray or gamma ray beam to one-half its original value. 


HARDNESS (X-rays): A relative specification of the quality or penetrating power of x-rays. In 
general the shorter the wavelength the harder the radiation. 


HEALTH, RADIOLOGICAL: The art and science of protecting human beings from injury by radi- 
ation, as well as promoting better health through beneficial applications of radiation. 


HEREDITY: Transmission of characters and traits from parent to offspring. 


IMPLANT (Radiology): Radioactive material in a suitable container to be embedded ina tissue for 
therapeutic purposes. It may be permanent (seed)or temporary (needle). 


INTENSIFYING SCREEN: Sheet of cardboard or other substance coated with fluorescent material, 
placed in contact with the film.in radiography. The x- or gamma rays excite the fluores- 
cent substance and the light thus emitted adds to the radiation effect on the film and pro- 
duces an image of greater density for a given exposure. Sheets of thin lead may be used 
for the same purpose in industrial radiography with very high energy radiation. In this 
case the increased effect is due largely to secondary electrons and x-rays emitted by the 
lead. 


INTENSITY (Radiology): Amount of energy per unit time passing through a unit area pervendicular 
to the line of propagation at the point in question. Often this term is used incorrectly in 
the sense of dose rate. . 


ION: Atomic particle, atom, or chemical radical bearing an electrical charge, either negative or 
positive. 


IONIZATION: The process or the result of any process by which a neutral atom or molecule ac- 
quires either a positive or a negative charge. 


PRIMARY IONIZATION: A. In collision theory: The ionization produced by the primary 
particles as contrasted to the ''total ionization" which includes the "secondary 
ionization" produced by delta rays. B. In counter tubes: The total ionization 
produced by incident radiation without gas amrlification. 


SPECIFIC IONIZATION: Number of ion pairs per unit length of path of ionizing radiation 
in a medium, e.g. per cm. of air or per micron of tissue. 


ION PAIR: Two particles of opposite charge, usually referring to the electron and positive atomic 
or molecular residue resulting after the interaction of ionizing radiation with the orbital 
electrons of atoms. 


IRRADIATION: Exposure to radiation. 


ISODOSE CHART: Chart showing the distribution of radiation in a medium by meansof lines or sur- 
faces drawn through points receiving equal doses. Isodose charts have been determined for 
beams of x-rays traversing the body, for radium applicators used for intracavitary or 
inte ratitial therapy and for working areas where x-rays or radioactive isotopes are em- 


ployed. 
ISODOSE CURVE: A curve depicting loci of identical radiation dosage in a structure. 


ISOTOPE: One of several nuclides having the same number of protons in their nuclei, and hence 
having the same atomic number, but differing in the number of neutrons, and therefore 
in the mass number. Almost identical chemical properties exist between isotopes of a 
particular element. The use of this term as a synonym for nuclide is to be discouraged. 


STABLE ISOTOPE: A non-radioactive isotope of an element. 
KILOVOLT (kv): Unit of electrical potential equal of 1,000 volts. 


KILOVOLTS PEAK (kvp): The crest value of the potential wave in kilovolts. When only one-half 
of the wave is used, the crest value is to be measured on this half of the wave. 


LABELED COMPOUND: A compound consisting, in part, of labeled molecules (see below). By 
observations of radioactivity or isotopic composition this compound or its fragments may 
be followed through physical, chemical, or biological processes. 


LABELED MOLECULE: A molecule containing one or more atoms distinguished by non-natural 
isotopic composition (with radioactive or stable isotopes). 


LATENT PERIOD: The period or state of seeming inactivity between the time of exposure of tissue 
to an injurious agent and the beginning of the response. 


LEUKEMIA: A disease in which there is great overproduction of white blood cells, or a relative 
overproduction if immature white cells, and great enlargement of the spleen. The disease 
is variable, at times running a more chronic course in adults than in children. It is al- 
most always fatal. It can be produced in some animals by long-continued exposure to low 
intensities of ionizing radiation. 


LOCALIZATION, SELECTIVE (Biology): As applied to radioisotopes, accumulation of a particular 
isotope to a significantly greater degree in certain cells or tissues. (See ABSORPTION 


RATIO) 


MASS: The material equivalent of energy -- different from weight in that it neither increases nor 
decreases with gravitational force. 


MASS NUMBER: The number of nucleons (protons and neutrons) in the nucleus of an atom. (Symbol: 
A) 


METABOLISM: The sum of all the physical and chemical processes by which living organized sub- 
stance is produced and maintained and by which energy is made available for the uses of. 
the organism. 


METASTASES: The transfer in the body of malignant neoplaatic cells from the original or parent 
site to one more distant. 
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MEV: The symbol for 1 million electron volts, or 106 ev. (written Mev). 
MICRON: ‘Unit of length equal to 107° meters. 


MILLIROENTGEN (mr): A submultiple of the roentgen equal to one one-thousandth (1/1000th) of a 
roentgen. (See Roentgen) 


MOLECULAR WEIGHT: The sum of the atomic weights of all the atoma in a molecule. 


MOLECULE: Ultimate unit quantity of a eompound's which can exist by itself and retain all the pro- 
perties of the original substance. 


MONITORING: Periodic or continuous determination of the amount of ionizing radiation or radio- 
active contamination present in an occupied region as a safety méasure for purposes of 
health protection. 


AREA MONITORING: Routine monitoring of the level of radietion or radioactive contami- 
nation of any particular area, building, room or equipment. Usage in some 
laboratories or operation distinguished between routine monitoring and survey 
activities. 


PERSONNEL MONITORING: Monitoring any part of an individual, his breath, or excretions, 
or any part of his clothing. 


MUTATION: A change in the characteristics of an organism produced by an alteration of the usual 
hereditary pattern. 


NEOPLASM: A new growth of cells which is more or less unrestrained and not governed by the 
usual limitations of normal growth. Benign: If there is some degree of growth restraint 
and no spread to distant parts. Malignant: If growth invades the tissues of the host, 
spreads to distant parts, or both. 


NEUTRON: Neutrons are commonly divided into sub-classifications according to their energies as 
follows: ed around .025 ev; epithermal, 0.1 ev to 100 ev; slow, less than 100 ev; 
intermediate, 10° to 10° ev; fast, greater than 0.1 Mev. 


NUCLEON: Common name for a constitute particle of the nucleus. At present applied to protons 
and neutrons, but will include any other particle found to exist in the nucleus. 


NUCLEUS (Biological): A definitely delineated body within the celi, containing the chromosomes. 


NUCLEUS (Nuclear): That part of an atom in which the total positive electric charge and most of the 
mass are concentrated. 


NUCLIDE: A species of atom characterized by the constitution of its nucleus. The nuclear con- 
stitution is specified by the number of protons Z, number of neutrons N, and energy 
content; or, alternatively, by the atomic number Z, mass number A = (N+ Z), and atomic 
mass. To be regarded as a distinct nuclide, the atom must be capable of existing for a 
measurable time; thus nuclear isomers are separate nuclides, whereas promptly decaying 
excited nuclear states and unstable intermediates in nuclear reactions are not so considered. 


ORGAN: Organized group of tissues having one or more definite functions to perform in an animal 
body. 


OSMOSIS: The passage of pure solvent from the lesser to the greater concentration when two 


solutions are separated by a membrane which selectively prevents the 'pus#uge of solute 
molecules, but is permeable to the solvent. 
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PARENT: A radionuclide that upon disintegration yields a specified nuclide, either directly or as 
a later member of a radioactive series. 


PERIODIC TABLE: An arrangement of chemical elements in order of increasing atomic number. 
Elements of similar properties are placed one under the other, yielding groups and 
families of elements. Within each group there is a gradation of chemical and physical 
properties but in general a similarity of chemical behavior. From group to group, how- 
ever, there is a progressive shift of chemical behavior from one end of the table to the 
other. 


PHANTOM: A volume of material approximating as closely as possible the density and effective 
atomic number of tissue. Ideally a phantom should behave in respect to absorption of 
radiation in the same manner as tissue. Radiation dose measurements made within or 
on a phantom provide a means of determining the radiation dose within or on a body under 
similar exposure conditions. Some of the materials commonly used as phantoms are 
water, masonite, presdwood, and beeswax. 


PHOSPHORESCENCE: Emission of radiation by a substance as a result of previous absorption of 
radiation of shorter wavelength. In contrast to fluorescence, the emission may continue 
for a considerable time after cessation of the exciting irradiation. 


PHOTON: A quantity of electromagentic energy whose value is ergs is the product of its frequency 
in cycles per sec. and Planck's constant. The equation is: E = hv. 


PHYSICS, HEALTH: A profession devoted to the protection of man and his environment from un- 
warranted radiation exposure. 


POLYCYTHEMIA: A disease characterized by over-production of red blood cells. 
POSITRON: Particle equal in mass to the electron and having an equal but opposite charge. 


PROCESS, REGENERATIVE: The process by which damaged cells are replaced by new ones of 
the same type. 


PROTON: Elementary nuclear particle with a positive electric charge equal numerically to the 
charge of the electron and a mass of 1.007594 mass units. 


PURPURA: Large hemorrhagic spots in or under the skin or mucous tissues. 


RAD: The unit of absorbed dose, which is 100 ergs/gram in any medium. The rad is a measure 
of the energy imparted to matter (i.e., retained by matter) by ionizing radiation per unit 
mass of irradiated material at the place of interest. It is a unit that was recommended 
and adopted by the International Commission on Radiological Units at the Seventh Inter- 
national Congress on Radiology, July, 1953. (Written rad) 


RADIATION: 1. The emission and propagation of energy through space or through a material 
medium in the form of waves; for instance, the emission and propagation of electro- 
magnetic waves, or of sound and elastic waves. 2. The energy propagated through space 
or through a material medium as waves; for example, energy in the form of electro- 
magnetic waves or of elastic waves. The term radiation or radiant energy, when un- 
qualified, usually refers to electromagentic radiation; such radiation commonly is classifi- 
ed, according to frequency, as Hertzian, infrared, visible (light), ultra-violet, x-ray, and 
gamma ray. 3. By extension, corpuscular emissions, such as alpha and beta radiation, 
or rays of mixed or unknown type, as cosmic radiation 


BACKGROUND RADIATION: Radiation arising from radioactive material other than the one 
directly under consideration. Background radiation due to cosmic rays and natural 
radioactivity is always present. There may also be background radiation due to the 
presence of radioactive substances in other parts of the building, in the building ma- 
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EXTERNAL RADIATION: Exposure to ionizing radiation when the radiation is located out- 
side the body and the radiation must then penetrate into the deeper tissue. 


INTERNAL RADIATION: Exposure to ionizing radiation when the radiation source is with- 
in the body as a result of deposition of radioelements in body tissues. 


IONIZING RADIATION: Any electromagnetic or particulate radiation capable of producing 
ions, directly or indirectly, in its passage through matter. 


PRIMARY RADIATION: All radiation coming directly from the target of an x-ray tube. 


SCATTERED RADIATION: Radiation which, during its passage through a substance, has 
been deviated in direction. It may also have been modified by an increase in 


wavelength. It is one form of secondary radiation. 


SECONDARY RADIATION: Radiation originating as the result of absorption of other radi- 
ation in matter. It may be either electromagentic or particulate in nature. 


RADIOACTIVITY: Process whereby certain nuclides undergo spontaneous disintegration in which 
energy is liberated, generally resulting in the formation of new nuclides. The process is 
accompanied by the emission of one or more types of radiation, such as alpha particles, 


and gamma photons. 


ARTIFICIAL RADIOACTIVITY: The property of radioactivity produced by particle bombard- 
ment or electromagentic irradiation. The radioactivity of synthetic nuclides. 


INDUCED RADIOACTIVITY: That radioactivity produced in a substance after bombardment 
with neutrons or other particles. The resulting activity is natural radioactivity 
if formed by nuclear reactions occurring in nature and artificial radioactivity if 


the reactions are caused by man, 


NATURAL RADIOACTIVITY: The property of radioactivity exhibited by more than fifty 
naturally occurring radionuclides. 


RADIOBIOLOGY: That branch of biology which deals with the effects of radiation of biological systems. 


RADIOCHEMISTRY: The aspects of chemistry connected with radionuclides and their properties, 
with the behavior of minute quantities of radioactive materials by means of their radio- 
activity and with the use of radionuclides inthe study of chemical problems. 


RADIOGRAPHY: The making of shadow images on photographic emulsion by the action of ionizing 
radiation. The image is the result of the differential attentuation of the radiation in its 


passage through the object being radiographed. 


RADIOLOGY: That branch of medicine which deals with the diagnostic and therapeutic applications 
of radiant energy including x-rays and radioisotopes. 


RADIORESISTANCE: Relative resistance of cells, tissues, organs, or organisms to the injurious 
action of radiation. The term may also be applied to chemical compounds or to any sub- 


stances. (See also RADIOSENSITIVIT Y) 


RADIOSENSITIVITY: Relative susceptibility of cell, tissues, organs, organisms, or any substances 
to the injurious action of radiation. Radioresistance and radio-susceptibility are at present 


employed in a comparative sense, rather than in an absolute one. 


RATE, RECOVERY: The rate at which recovery takes place following radiation injury. It may pro- 
ceed at different rates for different tissues. Differential recovery rate: Among tissues re- 
covering at different rate those having slower rates will untimately suffer greater damage 
from a series of successive irradiations. This differential effect is taken advantage of in 
fractionated radiation therapy if the neoplastic tissues have a slower recovery rate than 


surrounding normal structures. 13 


REACTOR, NUCLEAR: An apparatus in which nuclear fission may be sustained in a self-supporting 
chain reaction. It includes fissionable material (fuel) such as uranium or plutonium, and 
moderating material (unless it is a fast reactor) and usually includes a reflector to conserve 
escaping neutrons, provision for heat removal and measuring and control elements. The 
terms pile and reactor have been used interchangeable, with reactor now becoming more 
common. They usually are applied only to systems in which the reaction proceeds at a 
controlled rate, but they also have been applied to bombs. 


RELATIVE BIOLOGICAL EFFECTIVENESS (RBE): The RBE is a factor which is used to compare the 
biological effectiveness of absorbed radiation doses (i.e., rads) due to different types of 
ionizing radiation. More specifically, it is the ratio of an absorbed dose of x-rays or gamma 
rays to the absorbed dose of a certain particulate radiation required to produce an idential 
biological effect in a particular experimental organism or tissue. This ratio is sometimes 
called the Relative Biological Efficiency Factor. 


ROENTGEN: An exposure dose of x- or gamma radiation such that the associated corpuscular 
emission per 0.001293 grams of air produces, in air, ions carrying 1 electrostatic unit of 
quantity of electricity of either sign. (Abbreviated: r) 


ROENTGEN EQUIVALENT MAN (rem): The rem is the unit used to express human biological doses 
as a result of exposure to one or many types of ionizing radiation. The dose in rems is 
equal to the absorbed dose in rads times the RBE factor of the type of radiation being ab- 
sorbed. Thus the term is in the unit of RBI dose. 


ROENTGENOGRAPHY: Radiography by means of x-rays. 
ROENTGENOLOGY: That part of radiology which pertains to x-rays. 


SARCOMA: Malignant neoplasm composed of cells imitating the appearance of the supportive and 
lympathic tissues. 


SCATTERING: Change of direction of sub-atomic particle or photon as a result of collision or 
interaction. 


SERIES, RADIOACTIVE: A succession of nuclides, each of which transforms by radioactive disin- 
tegration into the next until a stable nuclide results. The first member is called the parent, 
the intermediate members are called daughters, and the final stable member is called the 
end product. 


SHIELD: A body of material used to prevent or reduce the passage of particles or radiation. A 
shield may be designated according to what it is intended to absorb, as a gamma-ray shield 
or neutron shield, or according to the kind of protection it is intended to give, as a back- 
ground, biological, or thermal shield. The shield of a nuclear reactor is a body of material 
surrounding the reactor to prevent the escape of neutrons and radiation into a protected area 
which frequently is the entire space external to the reactor. It may be required for the safety 
of personnel or to reduce radiation sufficiently to allow use of counting instruments for re- 
search or for locating contamination or airborne radioactivity. 


SICKNESS, RADIATION: In radiation therapy: A self-limited syndrome characterized by nausea, 
vomiting, diarrhea, and psychic depression, following exposure to appreciable doses of 
ionizing radiation, particularly to the abdominal region. Its mechanism is unknown and 
there is no satisfactory remedy. It usually appears a few hours after a treatment and 
may subside within a day. It may be sufficiently severe to necessitate interrupting the 
treatment series or to incapacitate the patient. In atomic bomb disaster: The syndrome 
associated with intense acute exposure to ionizing radiations is found in the Biological Data 
Section of the Handbook. 











SIGMOID CURVE: S-shaped curve, often characteristic of a dose-effect curve in radiobiological 
studies, 
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SOFTNESS: A relative specification of the quality or penetrating power of x-rays. In general, the 
_ longer the wave length the softer the radiation. 


SPECIFIC ACTIVITY, ISOTOPE: Total radioactivity of a given isotope per gram of the radioactive 
isotope. 


SPECTRUM: A visual display, a photographic record, or a plot of the distribution of the intensity of 
radiation of a given kind as a function of its wavelength, energy, frequency, momentum, 
mass, or any related quantity. 


STANDARD RADIOACTIVE: A sample of radioactive material, usually with a long half-life, in which 
the number and type of radioactive atoms at a definite reference time is known. Hence, it 
may be used as a radiation source for calibrating radiation measurement equipment. 


SURVEY, RADIOLOGICAL: Evaluation of the radiation hazards incident to the production, use, or 
existence of radioactive materials or other sources of radiation under a specific set of 
conditions. Such evaluation customarily includes a physical survey of the disposition of 
materials and equipment, measurements or estimates of the levels of radiation that may be 
involved, and a sufficient knowledge of processes using or affecting these materials to pre-. 
dict hazards resulting from expected or possible changes in materials or equipment. 


SYNCHRO - CYCLOTRON: A cyclotron in which the radio-frequency of the electric field is frequency- 
modulated to permit acceleration of particles to relativistic energies. 


SYNCHROTRON: A device for accelerating particles, ordinarily electrons, in a circular orbit in an 
increasing magnetic field applied in synchronism with the orbital motion. | 


SYNDROME: The complex of symptons associated with any disease. 


TARGET THEORY (HIT THEORY): Theory explaning some biologic effects of radiation on basis of 
ionization in a very small sensitive region within the cell. One, two, or more "hits"; i.e., 


ionizing events within the sensitive volume may be necessary to bring about effect. 


ROTATION THERAPY: Radiation therapy during which either the patient is rotated before 
the source of radiation or the source is revolved around the patient. In this way, 
a larger dose is built up at the center of rotation within the patient's body than on 


any area of the skin. 


TELETHERAPY: A method of using a radioisotope as a radiation source in which the radio- 
element is shielded on all sides except one, thus giving a directional beam of radi- 
ation which is directed at the area to be treated. 


TISSUE EQUIVALENT MATERIAL: Material made up of the same elements in the same proportions 
as they occur in some particular biological tissues. In some cases the equivalence may be 
approximated with sufficient accuracy on the basis of effective atomic number. 


TRACER, ISOTOPIC: The isotope or non-natural mixture of isotopes of an element which may be in- 
corporated into a sample to make possible observation of the course of that element, alone 
or in combination, through a chemical, biological, or physical process. The observations 
may be made by measurement of radioactivity or of isotopic abundance. 


TUBE, PHOTOMULTIPLIER: An electron multiplier tube in which the electrons initiating the 
cascade originate by photoelectric emission. 


WAVELENGTH: Distance between any two similar points of two consecutive waves; for electro- 
magnetic radiation the wave length is equal to the velocity of light (c) divided by the frequency 


of the wave (v). 
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X-RAYS: Penetrating electromagnetic radiations having wave lengths shorter than those of visible 
light. They are usually produced by bombarding a metallic target with fast electrons in 
a high vacuum. In nuclear reactions it is customary to refer to photons originating in the 
nucleus as gamma rays, and those originating in the extranuclear part of the atom as x-rays. 
These rays are sometimes called Roentgen rays after their discoverer, W.C. Roentgen. 
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